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1

This_invention relates to an aireraft trainer
in which the operation of controls similar to
those of a standard aircraft by the pilot, copilot,
navigator or flight engineer, causes the opera-
tion of instruments on the pilot’s, navigator’s
and engineer’s instrument panels and of instru-
ments ‘at an instructor’s desk to simulate the
instrument operations of an actual aircraft in
flight, whereby an aircraft crew may be given
ground training to enable the crew members to
coordinate their efforts to insure efficient air~
craft operation under actual flying conditions in
a regular aireraft.

In the training of aircraft personnel it has
been the practice heretofore to give pilots basic
training in aircraft of the trainer type and to
give flight engineers and navigators ground
training with the actual equipment of aircraft.
Following such basic training it has then been
the practice to form crews from such basically
trained personnel and to give such crews coordi-
nated training in the flight of actual aircraft
which they will later be assigned to fly in combat
duty.

The larger aircraft, particularly the multi-
engined bomber airplanes, are costly to build, to
fly and to maintain and the use of such airplanes
for extended training purposes with crews who
may have had little or no experience in their
operation introduces a great hazard both to the
equipment and to the operating personnel during
the training period and obviously withdraws such
airplanes from their more valuable use in actual
combat service. ‘

Since the members of a crew have all had
basic training in flying and in the operation of
equipmient of airplanes, the actual flying hours
in the type of airplane which they will ultimately
be. .assigned to fly may be materially reduced
through the use of a ground trainer designed to
simulate all of the flight and operational func-
tions of the type of airplane to which they will
later be assigned. After coordinated training in
such a ground trainer, the crew training may
then be completed within a comparatively few
hours of flying in an actual airplane.

It is therefore an object of the present inven-
tion to provide a ground trainer in which an air-
plane crew may be trained to perform all of the
flight and operational functions which would be
required to actually fly an airplane which the
trainer is designed to simulate.

It is a further object of the invention to pro-
vide a ground trainer which simulates in every
detail the flight and operational controls of an
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actual airplane whereby the crew personnel
under training therein may, under controls exer-
cised by an instructor, be subjected to any con-
dition of flight which might later be experienced
in the flight of a similar aircraft. ’

One feature of the invention is the provision of
a bank circuit which is responsive to the aileron
and rudder controls of the trainer, to the true air
speed and ball circuits of the trainer and to
rough air and lateral center of gravity unbalance,
that is, right or left wing heavy conditions im-
posed by the instructor, which bank circuit is
instrumental in controlling an associated bank
motor control circuit to control other control cir-
cuits of thHe trainer and to control the operation
of the bank indicator of the artificial horizon
instruments on the pilot’s, copilot’s and instruc-
tor’s instrument panels.

A further feature of the invention is the pro-

0 vision of a ball circuit which is responsive to the

bank, rate of turn and true air speed circuits of
the trainer for controlling an associated ball
motor circuit to control other control circuits of
the trainer and to control the operation of the
ball indicator of the turn and bank instruments
on the pilot’s, copilot’s and instructor’s instru-
ment panels.

A further feature of the invention is the pro-
vision of a rate of turn circuit which is respon-
sive to the right and left engine brake horse~
power, bank and ball circuits of the trainer and
to rough air conditions imposed by the instructor
to control other control circuits of the trainer
and to control the rate of turn indicator of the
turn and bank instruments on the pilot’s, co-
pilot’s and instructor’s instrument panels.

A further feature of the invention is the pro-
vision of a compass circuit which is responsive
to the rate of turn circuit of the trainer for con-
trolling the directional gyro instrument on the
pilot’s and Instructor’s instrument panels, the
magnetic compass on the navigator’s instrument
panel and the remote indicating compasses on
the pilet’s, copilot’s and instructor’s instrument
panels and in conjunction with the true air speed
circuit of the trainer and the wind velocity and
direction controls interposed by the instructor
for controlling the speed and orientation of a
flight recorder at the instructor’s desk.

A further feature of the invention is the pro-
vision of a rate of climb circuit which is respon-
sive to the weight, bank, angle of attack, wing
flaps and indicated air speed circuits of the
trainer for controlling other control circuits of
the trainer and for controlling the rate of climh
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instruments on the pilot’s, copilot’s and instruc-
tor’'s instrument panels.

A further feature of the invention is the pro-
vision of a weight circuit which is responsive to
contro!l from the instructor’s desk whereby the
instruetor at any time may introduce a change in
the weight of the airplane simulated by the
trainer as for example the loss of weight due to
the consumption of cil and fuel or the expendi-
ture of ammunition and bomb load, or the in-
crease in weight due to the accumulation of ice.

A further feature of the invention is the pro-
vision of a wing flaps circuit which is responsive
to control from the pilot’s pedestal for intro-
ducing into other control circuits of the trainer
tha effect of moving the wing flaps up cr down
and for controlling instruments on the copilet’s
and instructor’s instrument panels for indicating
whether the wing flaps have been moved up or
down.

A further feature of the invention is the pro-
vision of an angle of attack circuit which is re-
sponsive to the wing flaps, thrust horsepower
and indicated air speed circuits of the trainer
and to rough air and longitudinal center of
gravity unbalance conditions imposed by the in-
structor and to the yoke control operated by
either the pilot or copilot for contreiling other
centrol cireuits of the trainer.

A& further feature of the invention is the provi-
sion of an indicated air speed circuit which is
respensive to the weight, wing flaps, true air
speed, angle of attack, rate of climb and thrust
horsepower circuits of the trainer and fo the yoke
control cperated by either the pilot or copilot
for controliing other control circuits of the
trainer and for contrclling the indicated air
speed indicating instruments on the pilot’s, co-
pilot’s, navigator’s and instructor’s instrument
panels.

A further feature of the invention is the pre-
vision of a pitch bar circuit which is responsive
to the rate of climb and angle of attack circuits
of the trainer for controlling the pitch har of the
artificial horizon instruments on the pilot’s and
instructor’s instrument panels.

& further feature of the invention is the pro-
vision of an altimeter circuit which is respensive
to the rate of climb circuit of the trainer for con-
trolling other control circuits of the trainer and
for controlling the altimeters on the pilet’s, co-
pilot’s, navigator’s and instructor’s instrument

anels.

A further feature of the invention is the provi-
sion of a true air speed circuit which is respon-
sive to the indicated air speed circuit of the
trainer for conftrolling other control circuits of
the trainer.

Other features of the invention will become
aoparent uvon the consideration of the following
detailed description of the invention when read
in connection wtih the accompanying drawings
in which:

Fig. 1 is a schematic representation of the es-
sential elements of the trainer including a
“mock-up” of the fuselage of the airplane which
the trainer is designed to simulate, instructor’s
desk and apparatus cabinets interconnected by
suitable eables of control conductors;

Fig. 2 shows the flight recorder control circuit
for controlling the operation of the flight re-
corder located on the instructor’s desk and dis-
closed in Fig. 15;

Figs. 3 to 13, inclusive show interacting cir-
cuits which are responsive to the yoke, aileron
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and rudder controls at the pilot’s and ecpilot’s
stations disclosed in Figs. 14 and 15 and to con-
trois at the instructor's desk. Of these figures,
Figs. 3 and 9 show in the upper portions thereof.
the compass and compass motor control circuits
and in the lower portions thereof the ball and
ball motor control circuits; Figs. 4 and 10 show
in the upper portions thereof the bank and bank
motor control circuits and in the lower portions
thereof the rate-of-turn and rate-of-turn motor
control circuits; Figs. 5 and 11 show in the upper
portions thereof the angle-of-attack and angle-
of -attack motor confrol circuits and in the lower
portions thereof the rate-of-climb and rate-of-
climb motor control circuits; Figs. 6 and 12 show
in the upper portions thereof the indicated-air-
speed and the indicated-air-speed motor con-
trol circuits and in the lower portions thereof
the altimeter and altimeter motor control cir-
cuits, and ¥igs, 7T and 13 show in the upper por-
tions of Fig. 13, the pitch-bar and pitch-bar mo-
tor control circuits, in the upper right portion of
Fig. 7 the wing flaps motor circuit, in the lower
portion of Fig. 7 the true-air-speed and true-air-
speed motor control circuits, and in the lower
portion of Fig. 13 the weight motor control
circuit;

Fig. 8 shows the rough air circuit which is
controllable from controls shown in Fig. 19 lo-
cated at the instructer’s desk;

Fig. 14 shows in the upper portion thereof the
fdight instruments of the pilot’s instrument panel
and in the lower portion thereof the schematic
representation of the pilot’'s yoke, aileron and
rudder controls;

Fig. 15 shows in the upper portion thereof the
flight instruments of the copilot’s instrument
panel, in the lower left portion thereof the sche-
matic representation of the elevator, aileron and
rudder trimming wheels, in the central lower por-
tion thereof the schematic representation of the
copilot’s yoke, ailerons and rudder ccntrols and
in the lower right portion thereof boxes rep-
resenting the elevator, aileron and rudder trim-
ming mechanism;

Fig. 16 shows boxes representing the elevator,
aileron and rudder trimming motor control cir-
cuits and the circuit for controlling the motcr
which tensicns the loading springs of the trim-
ming mechanisms disclosed in Fig. 15;

Figs. 17 and 13 taken together disclose instru-
ments and controls mounted on a pedestal lo-
cated between the pilot’s and copilot’s stations
and beneath their instrument panels;

Figs. 19 to 26, inclusive, disclose instruments,
signal lamps and controls located on the instrue-
tor’s desk;

Fig. 27 shows apparatus located at the naviga-
tor’s station including apparatus for simulating
the functions of a drift sight and such flight in-
struments as are required for observation by the
navigator;

Pigs. 28 to 35, inclusive, disclose Instruments,
signals and controls mounted on the flight engi-
neer’s instrument and contrcl panels together
with relays and other equipment controlled
thereby;

Figs. 36 to 57, inclusive, disclose the interact-
ing circuits which are responsive to the engine
and propeller controls operable by the pilots or
by the flisht engineer. Of these circuits Fig. 36
shows the simulated gsuxiliary engine oil pres-
sure, cylinder and oil temperature motor control
cireuits, the suction motor control circuit and the
de-icer motor control circuit; Fig. 47 shows the
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tachometer fmotor control circuits for both the
simulated right and left main engines; Figs. 37
and 48 show the fuel-flow motor control and fuel
flow circuits for the two simulated main engines;
Figs. 38 and 49 show the

Y.

ND
motor control and

v

ND
circuits for the two simulated main engines; Figs.
39 and 50 show the brake-horsepower motor con-
trol and brake-horsepower circuits for the two
simulated main engines; Figs. 40 and 51 show the
R. P. M. motor control and R. P. M. circuits for
the two simulated main engines; Figs. 41 and 52
show the manifold-pressure motor control and
manifold-pressure circuits for the two simulated
main engines; Figs. 42 and 53 show in the upper
portions thereof the brake-mean-effective-pres-
sure motor control and brake-mean-effective-
pressure circuits and in the lower portions there-

of the thrust-horsepower moctor control and %

thrust-horsepower circuits; Figs. 43 and 54 show
the R. P. M.-memory motor control and R. P. M.~
memory circuits for the two simulated main en-
gines; Figs. 44 and 55 show the propeller-pitch

motor control and propeller-pitch circuits for the

two simulated main engines; Fig. 56 shows the
control circuits for the simulated right engine;
Fig. 45 shows a box representing the control cir-
cuits of the simulated left engine simiiar to the
circuits of Fig. 56; Fig. 57 shows the oil pressure,
fuel pressure and cowl flaps motor circuits for the
simulated right engine and in the upper left cor-
ner and the upper right corner of Fig. 46 the cyl-
inder and oil temperature motor circuit for the
simulated right engine; and Fig. 46 shows boxes
representing similar oil pressure, fuel pressure,
cowl flaps, cylinder and oil temperature motor
circuits for the simulated left engine.

Fig. 58 shows in the upper portion thereof cir-
cuits for simulating the sounds produced in start-
ing and operating the right main engine and in
the lower portion thereof a box representing sim-
flar circuits for simulating the sounds produced
in starting and operating the left main engine;

Fig. 59 discloses lamps for lighting the instru- &

ment panels and station of the radio operator;
and :

Fig. 60 is a diagram illustrating how the sev-
eral figures of the drawing should be assembled
to completely disclose the invention.

The invention has been illustrated as applied
to a two-engine patrol bomber of the seaplane
type and more particularly to a Navy seaplane
known as the PBM3. It is, of course, to be under-
stood that the general principles embodied in the
invention are equally applicable to trainers which

~might be designed for training crews of one or
more members in the operation of other types of
land or seaplanes having one, two or more en-
gines. i

Referring first to Fig. 1, the equipment of the
trainer is disclosed schematically and comprises
a8 mock-up 100 of the fuselage of the airplane so
constructed as to closely resemble in size, ar-
rangement and appearance the fuselage of the
actual airplane which the trainer is designed to

. simulate. The pilot’s and copilot’s seats 101 and
102 are positioned side by side near the forward
end of the fuselage with a set of trimming wheels
103 positioned between the seats and within easy
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6
reach of both the pilot and copilot. Positioned
in front of the pilot’s seat is a control yoke 105
and associated aileron control wheel (06 and a
pair of rudder control pedals 107. Similar con-
trols are positioned in front of the copilot’s seat
102.

Extending across the front of the fuselage and
beneath the windshield is an instrument panel
{08 in which instruments for observation by the
pilot, other instruments for observation by the
copilot and instruments for observation by both
pilots are mounted. Also positioned beneath the
instrument panel 108 and between the pilot’s and
copilot’s seats is a pedestal 109 on the top and

y front face of which other instruments and con-

trol switches are mounted for the common use
of both pilots.

Immediately back of the copilot’s seat 102 and
positioned against the side wall of the fuselage

Y is the table and the radio panels 110 of the radio

operator’s station and back of the pilot’s seat
181 and positioned against the other side wall of
the fuselage is the navigator’s table [{{. Also
back of the navigator’s table are the control and
instrument panels {12 of the flight engineer’s
station.  The apparatus disclosed in Figs. 14 to
18, 27 to 35, and 59 is mounted in the mock-up
§00.

The mock-up 108 is connected by a cable {3
of control conductors with the instructor’s desk
i14 and by cable !5 with the apparatus cabinets
116 which cabinets are also connected by cable
1i7 with the instructor’s desk 4. Positioned
on the desk {14 are instrument control and sig-

3 nal panels {18 and 119 and positioned on the top

of the desk is a flight recorder 1900 which is op~
erable to plot on a chart over which it moves the
ground speed and course of the simulated. flight
flown by the crew under training. Other con-
trols for the use of the instructor are positioned
in drawers of the desk. The apparatus associ-
ated with the instructor’s desk is disclosed in
Figs. 19 to 26, inclusive.

The apparatus disclosed in Figs. 2 to 13 and 36
to 58 together with power supply and switching
equipment (not shown) is mounted in the ap-
paratus cabinets 116.

The motor control circuits are in general as-
sembled in pairs, for example, the compass mo-
tor control circuit disclosed in Figs. 3 and 9 and
the flight recorder motor control circuit disclosed
in Fig. 2 constitute one assembly, the ball motor
control circuit shown in Pig. 9 and the bank
motor control circuit shown in Fig. 10 constitute
another assembly, etc. Each motor control cir-
cuit comprises a direct current reversible motor
which through a reduction gear box drives a
main driving shaft which in turn may drive one
or more synchronous transmitters of the so-called
“gutosyn” or “magnesyn” type for controlling
instruments remotely mounted on instrument
panels of the trainer or on the instructor’s desk,
may drive potentiometers or variable autotrans~
formers of the so-called ‘‘variac” type for con-
trolling other motor controel circuits of the trainer
and in most cases drives limit switches to insure
that the driving motor will be arrested before
the brushes of potentiometers or variacs are
driven beyond the ends of the windings with
which they are associated. This equipment may
be mounted on a suitable mounting plate and the
relays, condensers, resistances, control rheostats,
testing jacks and electronic devices associated
with the equipment mounted on the motor plate
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may be mounted on an apparatus mounting rack
positioned ahove and secured to the motor plate.
Several of these motor plates and mounting rack
assemblies may be mounted one above the other
in the apparatus cabinets 116 of Fig. 1.

Each of the motor control circuits, for example
the cireuit disclosed in Fig. 9, is of the type dis-
closed and fully described in the application of
Albert et al., Serial No. 502,484, filed September
15, 1943. This application has matured into Pat-
ent No. 2,428,767, dated October 14, 1847. In
general the circuit for controlling the motor M3
LOI"‘pl'Qt‘S a dual tricde amplifier tube 900 which
receives a 2l

1 incoming on conductor 801, am-~
plifies it and spplies it through the step-up trans-
former 442 to the ancdes of the dual diode rec-
tifying tube 5083. The tube 503 serves as a full-
wava rectifier to rectify the input potential from
the tube §89 and to apply it as a positive poten-
tial to the grid of gas-iilled tube §45. The out-
put potential from tube 805 is also applied
through the lower secondary winding of trans-
former 982 to the control grid of the gas-filled
tube 804. Direct current for furnishing grid bias
to the control grids of tubes 864 and 965 is sup-
plied from the right secondary winding of power
transformer 398% through the dual diode rectifier
tube 228 under the control of the grid biasing

bviiav)
control rheostats 847 and 288. Filament heating

current for all of the tubes is supplied from the !

other secondary wingings of power transformer
809, Anode potential is applied to the anodes of
amplifier tube §8% from the ancde battery B§ and
60-cycle anode potentials 180 degrees apart in
phase are applied to the anodes of tubes 824 and
955, the potential of phase ¢! being applied from
the phase ¢! 1i5-volt hus bar {iS¢! through
the winding of anode relay RV to the anode of
tube 884 and potential of phase ¢2 being applied
from the phase ¢2 115-volt bus bar 115¢2 to the
ancde of tube §635.

The motor 3§ is of the dirvect current reversible
type whose stator circuit is energized by current
irom the direct current source BS under the con-
trol of reversing relay RV{ which is in turn under
the contrel of the anode reiay RV asscciated with
the gas-filled tube 8§04, and whose rofor winding
is energized by positive impulses ¢f current trans-

miited therethrough by the firing of the gas- |

filled tube £05. When the input potential ap-
plied to conductor %51 is in phase with the po-
tential of phase ¢! applied to the anode of tube
584 and out of phase with the potential of phase
¢2 applied to the ancde of tube 805, relays RV
and BVi will not operate and motor M3 will be
operated in response to the incoming signal in
one direction of rotation and; when the input po-
tential is out of phase with the potential of phase
¢l applied to the ancde of tuke 804 and in phase
with the potential of phase ¢2 applied to the
anode of tube 825, relays RV and RV will operate
and motor M8 will be cperated in response to the
incoming signal in the reverse direction.
Potentiometers and variacs which are driven
by = motor control circuit may enter into the
control of several other motor countrol circuits
of the trainer, for example, as is the case of the
true-air-speed r1ot01 control circuit disclosed in
Fig, 7 which has a variag TASVZ shown in Fig.
3 associated with Lhr, synchronous generator SG
driven by the shaft § I i of the compass motor con-
frol ecircuit of 8, three potentiometers
TASP3, TARPS and TASP associated with the
rate of turn circuit, two potentiometers TASPG

.
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and TASPT associated with the indicated air
speed circuit of Fig. 6, balancing potentiometer
TASPI0 associated with its own circuit of Fig. 7,
variac TASVI associated with the

v
ND

circuit of Fig. 49 and potentiometers TASP4 and

TASPS associated with the R. P. M. memory cir-

cuit of Fig. 54.

As previously stated these variacs and potenti-
ometers would all be mounted on the motor plate
of the true-air-speed motor control circuit and
conductors would be extended from such variacs
and potentiometers to the various parts of the
trainer where their controls are to be exercised.
However, for the purpose of simplifying the dis-
clesure so that all variacs or potentiometers
which enter into the control of any one motor
centrol circuit may be shown grouped together
adjacent to such motor control circuit, the driv-
ing shaft of each motor confrol circuit has been
schematically illustrated as extending across the
several circuits over which the variacs and po-
tentiometers which it drives exercise control.

Reverting to the true-air-speed motor control
cirguit previously taken as an example, it will
he noted that the driving shaft T13 thereof is
coninected by the unity ratio bevel gears T12 with
the shaft 713 upon which the brushes of variac
TASVZ and of potentiometers TASP3 and TASP6
to TAQPfe, inclusive are mounted and the shaft
713 is further connected through the unity ratio

bevel gears T14, shaft 715, the unity ratio hevel
zears 2400, shaft 2401, unit ratio bevel gears 2600,
shaft 2621 and unity ratio bevel gears 5280 to
the shaft 5231 on which the brushes of the variacs
TASV{ and the brushes of the potentiometers

TASP4 and TASPS are mounted.

The control yokes 1411 and i5i1, the aileron
control wheels {415 and {515, and the pairs of
rudder pedals 145% and 1431 and 1500 and 1581
at the pilot’s and copilot’s stations are schemat-
ically illustrative of the similar controls of an
The yokes (411 and 151 for
the purposes of this disclosure have been illus-
trated as oscillatable at their lower ends on the
shaft 14!8 and provided with segment gears
{412 and 1512 at their lower ends, meshed with

! gears 1413 and 1513 on the shaft 1414 whereby

when the pilot or copliot rushes his yoke away
from him to simulate a dive or pulls the yoke to-
ward him to simulate a climb the shaft 144 is ro-
tated in one or the other direction and through
the unity ratio hevel gears 394 and the shaft 225
rotates the brushes of the potentiometers YPI
and YP2 mounted on the shaft 305.

The aileron control wheels 1415 and (515 for
the purposes of this disclosure have been illus-
trated az oscillatable on axes at right angles to
the aves of the yokes (411 and (51 and by

1ocket. wheels (not shown) and the sprocket
c.zs s {418 and 156 drive the sprocket wheels
1423 and {533 to transmit their oscillations into
an oscillatory movement of shaft 1418 whereby
when the pilot or copilot rotates the aileron
wheels 1415 or 1515 in simulation of the operation
of the aileron wheel of an aircraft, the shaft
{418 is rotated in one or the other direction and

* through the unity ratio bevel gears 306 and the

shaft 387 votates the brush of the potentiometer
ALP. This is the aileron wheel control employed
in alreraft of the type which the trainer of this

~ invention simulates.

The rudder control pedals 1400 and Mnl at
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the pilot’s station are pivoted on shafts 1402 and
1467 and are connected by the rocker arms (403,
1405, 1408 ang 1410 and the links 1404 and 1409
to the shaft 1406.
{410 are positioned to extend in opposite di-
rections with respect to the shaft 1406 so that
when the right pedal 1481 is depressed to simu-
late the movement of the rudder of an airplane
for executing a right turn the shaft 486 is ro-
tated in one direction and when the left pedal
i430 is depressed to simulate the movement of
the rudder of an airplane for executing a left
turn, the shaft (406 is rotated in the opposite
direction. The rudder control pedals 1580 and
1861 at the copilot’s station are similarly pivoted
on shafts 1582 and 1587 and connected by the
rocker arms 1503, 1588, {608 and i5(0 and the
links 1584 and 1509 to the shaft {406 so that the
depression of pedal (583 rotates shaft 1405 in
one direction and the <epression of pedal {531
rotates shaft {486 in the opposite direction. The
rotation of shaft. 1496 is communicated through
unity ratio bevel gears 302 to shaft 393 for ro-
tating the brush of potentiometer RP.
For applying loading to the controls for simu-
lating the resistance to the operation of the
controls which a pilot would encounter in the
operation of the controls of an actual aircraft
and for simulating the effect on the controls in
response to the operation of the elevator, aileron
and rudder trimming wheels BT, AT, RT and
elevator, aileron and rudder trimming mecha-
nisms illustrated by the boxes 1517, 1518 and
i513 are vrovided controllable by the elevator,
aileron and rudder trimming motor control eir-
cuits illustrated by the boxes 1608, 1691 and
1602 of Fig. 16. These loading mechanisms and
control circuits therefor are of the type fully dis-
closed in the application of Bohman €} at., Serial
No. 542,984 filed concurrently herewith. This
application has matured into Patent No. 2,519,233
dated August 15, 1950, The loading springs of such
trimming mechanisms are tensioned by cables
1605, 1686 and 1667 secured to the drum (604
which is rotatable by the spring tensioning motor
of the spring tensioning motor control circuit
illustrated by the box 1803 of Fig. 16. This con-
.trol circuit is also fully illustrated in the Bohman
et.al. application above referred to. .
. Each of the trimming wheels ET, AT and RT
has a rheostat asscciated therewith, brushes of
which are rotatable in response to the rotation of
the associated trimming wheels. These rheostats
ETR, ATR and RTR are effective to control the
‘elevator, aileron and ruddey trimming meotfor con-
“trot cireuits.
___ The flight recorder motor control circuit of Fig.
"2 in conjunetion with the compass motor control
“eircuit of Figs. 3 and 9 controls the flight re-
corder 1800 positioned on the insfructor’s desk.
The speed at which the fight recerder is ad-
vanced to record the actual ground speed of the
simulated flight is under the control of the in-
terrupter illustrated by the box 288 of Fig. 2
driven by moter M2 of the flight recorder motor
control cireuit of Fig. 2 and the orientation of the
flight recorder to record the direction of the
simulated flight course is under the control of the
synchroncus generator FRA driven through the
gears 308, shaft 399, gears 310, reduction gear box
3{1 and gears 312 by motor M3 of the flight re-
corder control circuit of Fig. 2. For 4 complete
disclosure of the flight recorder (808 and the
manner in which it is controlled, reference may
-he had to tf}e application of W. H. T. Holden, Se-

The rocker arms {1485 4and.
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rial No. 621,691, filed October 11, 1945. This ap-
plication has matured into Patent No. 2,486,784,
dated November 1, 1949.

Tor simulating the effect which the encounter-
ing of rough air has upon the control of an air-
plane and the instruments thereof, the rough air
circuit of Fig. 8 is provided. For a complete de-
seription of the apparatus of this circuit and the
operation thereof, reference may be had to the
application of C. &, Germanton, Serial No. 542,982
filled concurrently herewith. This application
has matured into Patent No. 2,460,743, dated
Fepbruary 1, 1949.

The insiruments on the pilot’s and copilot’s in-
strument panels illustrated in Figs. 14, 15 and 17,
the instruments on the navigator’s table, Fig. 27,
and the instruments on the flight engineer’s in-
strument panel are identical in appearance to the
instruments which would be found on the corre-
sponding instrument panels on an actual air-
plane. However, these Iinstruments some of
which in an actual airplane are constructed to be
operated pneumatically are all constructed to be
operated electrically. The instruments on the
piiot’s and copilot’s panels, Figs., 14 and 15, are
driven by synchronous receivers of the “autosyn”
type associated therewith by which they are re-
motely contrelled from synchroncus generators or
transmitters associated with motor control cir-
cuits. Come of the instruments such as, for ex~
ample, the gyre or artificial horizon, have two
driving autosyn reeceivers associated therewith, in
the case of the artificial horizon instrument one
of the receivers being operable from the bank
motor control circuit to tip the artificial horizon
har and to operate a pointer {o indicate the angle
of bank simulated in the flight being conducted
in the trainer and the other receiver being oper-
able from the pitch bar motor control circuit to
raise or lower the artificial horizon bar to indicate
whether a level, diving or climbing flight is being
simulated. An instrument of this type is fully
disclosed in the Patent No. 2,381,872, granted
August 14, 1945 to C. I. Baker. The instruments
shown in the upper portion of Fig. 19 and certain
of the instruments disclosed in Fig. 23 and
mounted on the instrument panels of the in-
structor’s desk and certain of the instruments
disclosed in Fig. 28 and mounted on the flight
engineer’s instrument panel are also of the syn-
chronous receiver driven type.

The apparatus employed in carrying out the in-
vention having now been fully described, the op-
eration of the apparatus for crew training will
now be discussed.

Preparing the trainer for operation

To start an operational test of the trainer with
the members of the crew at their stations and the
instructor at his desk, the instructor sets all con-
trols and keys at the “off”” or normal position with
the following exceptions: The outside air tem-
perature rheostat OTR is adjusted for an outside
air temperature of 4-15° C.; the seven fuel quan-
tity contrel knobs 2484 to 2401, inclusive, of Fig.
24 and 2802, 2603 and 2604 of Fig. 26 are moved
to the positions in which the brushes of the rheo-
stats controlled thereby will be set to the positions
indicative of full fuel tanks; the two oil quantity
controls for the right and left engines, 2408 and
2499 of Fig. 24, are moved to indicate readings of
75 at which time the brushes of the rheostats con-
trolied thereby will be set towards their No. 3
terminals; the weight control rheostat WCR of
Fig. 19 is adjusted until its associated pointer in-
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dicates a weight of 45,000 pounds for the airplane
and its load; the lateral center of gravity control
rheostat LCGR of Pig. 19 is adjusted until the
associated pointer is at the center point of its
scale; the longitudinal center of gravity control
rheostat LoCGR of Fig. 19 is set at the 33 per
cent point of its scale; the wind velocity control of
g, 19 is adjusted to the zero setting on its scale
at which time the brushes of the associated rheo-
stats WVRI and WVR2 will be set to the No. 4
terminals of their windings; the switches for dis-
abling the right and left engines 2500R and 2500L
of Fig. 25 are set in their “on” or closed positions;
guxiliary power plant generator switch 2200, left
generator switch 2201, right generator switch
2202, storage battery switch 2203, inverter switch
2204 of Fig. 22 are operated to their “on” or closed
positions and a piece of vellum paper is placed
over the chart on the top of the instructor’s desk
and the flight recorder 1900 of Fig. 19 is placed
on the paper.

At the flicht engineer’s station the flight en-
gineer closes all of the circuit breakers shown
at the extreme left of PFigs. 31, 32, 33 and 34
thereby closing obvious circuits for the asso-
ciated relays. For example, with the battery
circuit breaker 3104 closed (BS) relay 3102 is
operated and establishes a circuit from ground
over its inner lower front contact and conductor
2i02 of cable 3100 to battery through the power
battery lamp 2188, Fig. 21, at the instructor’s
desk, whereupon lamp 2100 lights to indicate that
the battery power is on at the trainer. With the
battery switch 2263 at the instructor’s desk closed,

a circuit is established from ground over the 3

contacts of the switeh, conductor 3104 of cable
3100, to battery through the winding of battery
relay 31065 which upon operating connects ground
over its lower contacts and the upper front con-
tact of relay 3102 to the ground bus bar GB.

With ground connected to the ground bus bar
GB, power on (PO) relay 3106 operates, closes an
ohvious circuit for power on lamp 3{07 on the
flight engineer’s control panel and establishes a
cireuit from ground over its upper contacts and
conductor 3108 of cable 3100 to battery through
the battery lamp 2205 at the instructor’s desk
to indicate that battery power has been switched
on.

In response to the closure of circuit breakers ::

3401 to 3407, inclusive, of Fig. 34, circuits are
established over conductors 3408 to 3413, inclu-
sive, and 3473 of cable 3400 and thence to battery
through lamps 2008 to 2005, inclusive, and lamp

2101 at the instructor’s desk and these lamps light

indicative of the fact that the flight engineer has
operated circuit breakers which in an actual air-
plane would supply power to those parts of the
airplane indicated by the captions applied above
such lamps.

In response to the closure of circult breakers
3414 to 3419, inclusive, relays 3420 to 3425, in-
clusive, are operated in turn establishing circuits
from ground over the upper contacts thereof and
over conductors 3427 to 3432, inclusive, of cable
2409 and thence to battery through lamps 2102,
2103, 2006, 2008, 2104 and 2105, respectively, at
the instructor’s desk and these lamps light in-
dicative of the fact that the flight engineer has
operated circuit breakers which in an actual air-
plane would supply power to those parts of the
airplane indicated by the captions applied above
such lamps.

GO relay 3420 in operating also causes the
operation of GOI! relay 3426 which controls the
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application of power to the inter-communication
system (not disclosed) of the trainer. Power
right wing and power left wing relays 3421 and
3422 over their lower contacts control the ap-
plication of power to the bombardier’s station
of the trainer (not disclosed). Forward hull re-
lay 3423 over its lower contacts connects operat-
ing ground from the bus bar GB, over conductor
3387 of cable 3380 to the armatures of relays
1800, 1802 and i803 associated with the pilot's
pedestal equipment disclosed in Figs. 17 and 18.
Radio relay 2424 over its lower contacts estab-
lishes a circuit from ground on bus bar GB, over
conductor 3433 to battery through the winding of
relay 2901 of Fig. 29 whereupon relay 290{ op-
erates and connects battery from the battery bus
bar 2902 over conductors of cable 2900 through
the rheostats 5906, 5901 and 5902 to ground
through the radio unit lamps 5903, the table
lamp 5904 and the floor lamp 5905 at the radio
operator’s station on Fig. 59. Motor wing flaps
relay 3425 over its lower contacts connects op-
erating ground from bus bar GB, over conductor
3302 of cable 3380 to the lower armature of wing

5 flapsrelay {804 at the pilot’s pedestal.

In response to the closure of circuit breakers
3434 and 3435 panel and flood lights and instru-
ment panel relays 3435 and 3437 of Fig. 34 are
operated. Relay 3436 upon operating connects
ground from bus bar GB over its lower contacts,
conductor 3438, and to battery through the wind-
ing of relay 2903 of Fig. 29 which operates to
establish circuits from battery at the battery bus
bar 2902, through rheostat 2904, over the lower
contacts of relay 2903 and to ground through the
lights 2905 on the instrument panel of the flight
engineer’s station, to establish circuits from bat-
tery at the bus bar 2902 through the rheostat
2807 and over upper contacts of relay 2803 to
ground through the lights 2906 on the control
panels of the flisht engineer’s station, and to
establish a circuit from battery at the bus bar
2992, through rheostat 2908 and over the upper-
most contacts of relay 2903 to ground through
the flood light 2909 at the flicht engineer’s sta-
tion. The flight engineer adjusts the rheostats
2804, 2907 and 2908 until the lights attain a
desired brilliancy. Relay 3437 upon operating
establishes an obvious circuit for relay 3439 and
connects ground from bus bar GB over its lower
contacts and conductor 3440 to keys 2800 to 2803,
inclusive, on the flight engineer’s instrument
panel, Fig. 28.

In response to the closure of circuit breaker
3201, the navigator’s station relay 3202 operates
in turn operating relay 3203 which in turn es-
tablishes a circuit from battery on battery bus
bar 2902, over conductor 2910, over the contacts
of relay 3203, conductor 335! of cable 3350,
through the rheostat 2702 and to ground through
the compass lamp 2703 and through the rheostat
2704 and to ground through the instrument panel
lamp 2705 for lighting these lamps at the naviga-
tor’s station. In response to the closure of cir-
cuit breaker 3305 flight deck relay 3308 operates
in turn operating relay 2309 which establishes a
circuit from battery on battery bus bar 2902, over
conductor 2911, the lower contacts of relay 3308,
conductors 3352 and 3353 of cable 3350 to ground
through the table lamp 2706 and to ground
through the floor light 2707 and rheostat 2708
at the navigator’s station. Relay 3309 also con-
nects battery on conductor 2910 over its upper
contacts and conductors 3310 and 331{ to the
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flight déck dome lights 3204 which light when the
light swifch 3205 is closed.

When state roomy lights relay 33(2 operates in
-response to the closure of circuit breaker 3307,
relay 3313 operates and connects battery from
battery bus bar 2902, over conductor 2312, con~
tacts of relay 3313, conductor 3314, and through
passageway light 328% which is thereupon lighted.

At the pilot’s pedestal the pilot or copilot
pushes in the circuit breaker buttons 1805 to
1809, inclusive, until he hears them click in the
closed and locked positions and relays 1800 to
1804 are operated to prepare circuits under the
control of the pilot. One of these circuits ex-
tends from ground applied as previcusly described
‘to conductor %327, thence over the front con-
‘tact of relay 1508, conductor 288f of cable 2950
‘and to battery through the winding of relay 2813,
Relay 2812 thereupon operates and connects bat-

tery from the battery bus bar 2802, over con- =

-ductors 2982 and 2853 of cable 2859, through
theestats {784 and {7102 to ground through the
‘panel and pedestal lights 1703 and 1784 for light-
ing such lights, and over conductor 2954 of cable
‘2853 to switches
pilot or copilot msy control the lichting of
“their vespective spotlights 1787 and 1788. The
brighiness of the panel lights 1763 and 1704
may bhe adiusted to the desired brightness by
the rheostats 1761 and (702. Al lights for light-
ing instrument panels and stations of the trainer
"have ncw been lighted or prepared for lighting
“when they may be required.

The flight engineer may now operate the self-
locking inverter switch 3287
operation of inverter relay 3208 over a circuit
from battery through its winding, over the con-
tacts of key 3207, conductor 2208 of cable 3200,
to ground over the normally closed contacts of in-
verter key 2224 at the instructor’s desk, Fig. 22.
Relay 3238 upon operating establishes a circuit
from ground over its upper contacts and con-
ductor 32{9 of cable 3200 through inverter lamp
22006 associated with key 22084, to battery and lamp

2206 lights to indicate to the instructor that the -

inverter key at the flight engineer’s station has
been operated. Relay 3208 at its lower contacts
establishes a circuit from ground on bus bar GB
“to battery through the winding of relays 2211 and

3212 in parallel and over conductor 2751 ex- &

tendiilg through cable 2750 to battery through
the winding of relay 1418 at the pilot’s station,
Fig. 14,

At its upper No. § contacts relay 2212 completes
the connection of the source of 480-cyele 33-volt
current. of source 3213 to the bus bars 408C and
400 for supplying operating current to the in-
struments on the flight engineer’s, pilot’s, co-
pilot’s navigator’s instrument panels. At the
pilot’s station the operation of relay ¢419 connects
the outside terminals of the stator windings of
the “magnesins” which operate the remote read-
ing magnetic compasses 1425 and (528, to the
bus bars 400C and 463G. Over their other con-
tacts, relays 32{{ and 32{2 associate the stator
windings of the receiving autosyns which operate
the instruments 2884 to 28114, inclusive, on the
flight engineer’s instrument panel, Fig. 28, with
the stator windings of the transmitting autosyns

associated with fhe mofer control circuits dis- ¢

closed in Figs. 35, 37, 41, 42, 46 and 57.
At this time all other lamps at the instructor’s
" desk are unlighted since the closure of the other
circuit breakers at the flicht engineer’s station,
not hereinbefore specifically identified, has re-
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sulted in the operation of their associated relays
and the opening of the lamp circuits at the in-
structor’s desk controlled thereby. For example,
the closure of circuit breaker 3383 of Fig. 33
eaused the operation of the associated boarding
and anchor lights relay 3f5 which at its upper
back contact opens the circuit extending from
ground thereover, over conductor 331§ of cable
3368 to battery through the boarding and anchor
light 2108. .
Fuel trunk selection

The flight engineer now closes switch 3501
simulating the opening of the cabin heater fuel
supply valve on the fuel control panel, Fig. 35,

thereby estabiishing a circuit from ground over

conductor 3882 of cable 3580 to hattery through
the cabin heater fuel lamp 2469 at the instruc-
tor’s desk, Fig. 24, thereby lighting such lamp.
switch 8523 is next{ closed to simulate the opening
of the auxiliary power plant fuel supply valve
thereby operating relay 3504 to establish a cir-
cuit over conductor 3555 of cable 3833 to battery
through the auxiliary power plant fuel supply
lamp 2419 at the instructor’s desk, thereby light-
ing such lamp. Switches 3556 and 3507 are now
moved to their ST positions to simulate the op~
eration of the left and right engine fuel valves
to control the initial supply of fuel to the main
engines from the right and left wing or service
tanks. With the switches in these positions LST
and RST relays 8588 and 3889 are operated to
conmnect ground to conductors 2518 and 3511 of
cable 2885 thereby causing the lighting of lamps
2411 and 2412 at the instructor’s desk to indicate
that the left and right wing or service tanks are
being used. In addition, relays 3528 and 3509
establish cireuits for operating the right and left
fuel relays 251% and 2528, The cireuit of relay
3548 may be traced from hattery through its
winding, cver the inner lower contacts of relay
2529, over the normal contacts of RTPI relay
2621, over the lower contacts of relay 3509 and
conductor 2522 of cable 3808 to ground over the
contacts of the right wing or service fuel quantity
control switeh 2418 at the instructor’s desk. The
cireuit of relay 2528 may be traced from battery
through its winding, over the inner lower con-
tacts of velay 2588, over the normal contacts of
LTPI relay 3823, over the lower contacts of relay
2508 and conductor 3524 of cable 3550 to ground
over contacts of the left wing or service fuel
quantity control switch 2417 at the instructor’s
dezk., Switches 2418 and 2447 are closed until
the instructor decides to simulate the empty con-
dition of the right and left wine or service tanks
by turning the knobs 24085 and 2404,

With the left and right service tanks hoth full,
LTP relay 35{2 is operated oveér a circuit extend-
inz from hattery through its winding over con-
ducter 335 of cable 3500, over closed contacts
2321 of the left wing or service fuel quantity con-
trol switeh, over conductor 3534 of cable 3500,
aover the lower contacts of FT relay 3339, operated
irpon the vrevious closure of circuit breaker 3340,
to ground on bus bar GB. A similar circuit is also
elosed for RTP relay 3513 extending from battery
through its winding over conductor 3581 of cable

2502, over closed contacts 2422 of the risht wing

or service tank control switch, over conductor
3534 of cable 3588 and thence as traced to ground.

‘Relays 3512 and 3813 both operate, relay 3512

upen operating opening at its back contact the

“eircuit of the left fuel transfer pump dry lamp

3514 and relay 3513 upon operating opening ot its

* back contact the circuit of the right fuel transter
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pump dry lamp 35(5. Over their upper front
contacts relays 3512 and 8513 establish circuits
for L'TPI relay 3523 and RTP{ relay 3521 extend-
ing over the inner upper front contacts of FH
relay 3536 and the upper front contacts of FHI
relay 3536 to ground, as soon as FH relay 3538
operates as will be presently desecribed. With
relays 3521 and 3523 now operated, relays 3519
and 3520 are locked operated over the alternate
contacts of relays 3521 and 3523 independent of
the control switches at the instructor’s desk.

Switch 3516 is now moved to its FH position

to simulate the operation of the hull tank selector .

valve to select the forward hull tank whereupon
relay 3536 is operated to connect ground to con-
ductor 3537 of cable 3500 thereby causing the
lighting of lamp 2423 at the instructor’s desk to
indicate that the forward hull tank has keen
selected for use. Relay 3536 upon operating
establishes a circuit from battery through the
winding of FH1 relay 3541, over the lower contacts
of relay 3536 and conductor 3546 of cable 3500 to
ground over contact 2429 of the fuel quantity
forward hull tank fuel quantity control switch
at the instructor’s desk, which contacts are closed
so long as the forward hull tank is assumed to be
full, With relay 3547 now operated the previ-
ously traced circuits for relays 3521 and 3523 are
completed and locking circuits are closed for
relays 3512 and 3513 extending from battery
through the windings of relays 35(2 and 3513,
over the lower contacts of relay 3541 and over
conductor 3534 to ground over the lower contacts
of FT relay 3339 which operated upon the closure
of circuit breaker 3340.

Fuel mixture control

The flight engineer next operates the switches
on the engine control panel disclosed in the upper
left portion of Fig. 29. For starting the main
engines the carburetor control switches 2914 and
2915 are operated to their direct air positions
thereby establishing circuits from ground over
their lower contacts and conductors 2851 and 2852
of cable 2850 for the direct carburetor air tem-
perature indicating lamps 2206 and 2207 at the
instructor’s desk, Fig. 22. Mixture control
switches 2916 and 2917 on the flight engineer’s
instrument control panel are also operated to
their lower or rich positions thereby establishing
circuits from ground over the upper contacts of
switches 2925 and 2926, over the lower contacts
of switches 2916 and 2917 and conductors 2853
and 2854 of cable 2850 for the rich mixture con-~
trol indicating lamps 2208 and 2209 at the instruc-
tor's desk. Supercharger speed switches 2918 and
2919 on the flicht engineer’s engine control panel
are also operated to their low speed positions
thereby establishing circuits from ground over
their upper contacts and conductors 2855 and
2856 of cable 2850 for the low speed supercharger
control indicating lamps 2210 and 2211 at the
instructor’s desk.

Preparation of temperature indicating
instruments

- The flight engineer now operates keys 2800 to
2803, inclusive, associated with the auxiliary
powel plant oil temperature, the outside air tem-
perature and the left and right engine oil tem-
perature indicating instruments, and with ground
connected to conductor 3440, as previously de-
scribed, circuits are established over the contacts
of such keys and conductors 2819, 2820, 282( and
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2822 to battery through the windings of relays
2920, 2921 and 2922 and 2923, respectively.

-+ It will be recalled that battery power was ap-
plied to the trainer in response to the closure of
cireuit breaker 3101. With the power on, control
circuits are conditioned for operating the indica-
tors 2812, 2813, 2817 and 28i8 on the flight en-
gineer’s instrument panel, Fig. 28. A circuit is
established from battery through the winding of
rheostat OTR, Fig. 25, to ground, and in parallel
therewith from battery, through resistance 2509,
over conductor 2510, through the winding of al-
timeter potentiometer APS of the altimeter motor
control circuit of Fig. 12 and through resistance
1262 to ground. A circuit is also established from
ground through the winding of rheostat 2301 in
parallel with resistance 2302 at the instructor’'s
desk, Fig. 23, over conductor 2304, through the
winding of the auxiliary power plant oil tempera-
ture rheostat 3600 to battery. A further circuit
is established from ground through the winding
of the right engine oil temperature rheostat 2308
in parallel with resistance 2307 over conductor
5761 of cable 5700 through the winding of the oil
temperature potentiometer 4625 associated with
the engine cylinder, oil and temperature motor
circuit of Fig. 46 to battery. A further circuit is
established from ground through the winding of
the left engine oil temperature rheostat 2319 in
parallel with resistance 2341, over conductor 4681
of cable 4600, through the winding of the oil tem-
perature potentiometer associated with the left
engine cylinder oil and temperature motor con-
trol circuit similar to that for the right engine
and represented by the box 4650 of Fig. 46.

With the cutside air temperature rheostat OTR
of Fig. 25 at the instructor’s desk set for an out-
side air temperature of +15° C. and the brush
of the potentiometer AP5 of the altimeter motor
control circuit of Fig. 12 positioned to indicate
that the airplane has not yet left the water, cur-
rent flows over the circuit extending from the
brush of rheostat OTR of Fig. 25, over the rheo-
stat AR, through the indicating meter OT, con-
ductor 2301 cf cables 2300 and 2850, over alternate
contacts of relay 2921, conductor 2823, through
the air temperature indicator 2813 on the flight
engineer’s instrument panel, conductor 2855 of
cable 2950, normal contacts of relay 152{ at the
co-pilot’s station, through resistance 1522, over
conductor 1523 and to the brush of altimeter
potentiometer APS, Fig. 12, resulting in the opera-
tion of the indicator OT at the instructor’s desk
and indicator 2813 at the flight engineer’s instru-
ment panel to indicate a temperature of +15° C

With the rheostat 2301 set at normal, the op-
eration of relay 2920 establishes a circuit from
the brush of rheostat 230(, through resistance
2803, through the auxiliary power plant oil tem-
perature indicator APPO, conductor 2305 of
cables 2300 and 2859, over the alternate contacts
of relay 2929, conductor 2824, through the aux-
iliary power plant oil temperature indicator 2812
on the flight engineer’s instrument panel and
over conductor 2825 to the brush of the auxiliary
power plant oil temperature potentiometer 3600
in preparation for the operation of indicator
APPO at the instructor’s desk and indicator 2812
at the flight engineer’s instrument panel to indi-
cate the oil temperature.

With rheostat 2306 also set at normal, the op-
eration of relay 2923 establishes-a circuit from
the brush of rheostat 2306, through the right
engine oil temperature indicator 2308, over con-
ductor 2309 of cables 2300 and 2850, through the
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right engine oil temperature indicator 2818 on the
flight engineer’s instrument panel, over conduc-
tor 282§, over the alternate contacts of relay 2923
and conductor 2924 to the brush of the right
engine oil temperature potentiometer 4525 in
preparationn for the operation of indicator 2388
at the instructor’s desk and indicator 2818 on the
flight engineer’s instrument panel to indicate the
oil temperature.

With rheostat 2310 also set at normal, the op~
eration of relay 2822 establishes a circuit from
the brush of rheostat 2318, through the left engine
oil temperature indicator 2312, over conductor
2313 of cables 2330 and 2880, through the left
engine oil teinperature indicator 28117 on the flight
engineer’s instrument panel, over conductor 2621,
over the alternate contacts of relay 2922 and con-~
ductor 2925 fo the brush of the left engine oil
temperature potentiometer (not shown) but in-
cluded in the apparatus represented by the box
4858, in preparation for the operation of indi-
cator 2312 at the instructor’s desk and indicator
2817 on the flight engineer’s instrument panel
to indicate the oil temperature.

The fiight engineer now momentarily depresses
the warning light test switch 3317 and since the
circuit breaker 3318 has been previously closed re-
sulting in the operation of fuel leve] warning re-
lay 3318 a circuit is established from ground on
bus bar GB, over the lower contacts of relay 3318,
over contacts of key 3317 -and through the wind-
ing of fuel test relay 3320 to battery. Relay 3320
upon cperating establishes circuits over conduc-
tors of cable 332f to battery through the seven
low level indicating lamps of the group 2828, Fig.
28; in parallel therewith over conductors of cable
3388 to battery through the low fuel indicating
lamps of the group 1810 at the pilot’s pedestal and
also in parallel therewith over conductors of
cable 3308 to battery through lamps LW, RW,
H, CH, RH, RBB and LBB associated with the
fuel quantity controls, Figs. 24 and 26, at the in-
structor’s desk. These lamps at the flisht engi-
neer’s station, pilot’s station and at the instruc-
tor’s desk are all imomentarily lighted. With
relay 3349 coperated a circuit is also closed over
conductor 3837 of cable 3308 through the wind-
ing of relay 2669 which operates to prepare cir-
cuits for low fuel lamps.

Fuel and oil quantity check

The flight engineer now checks the fuel quan-
tity by operating the selector switech 2829 as-
sociated with the fuel quantity indicator 2831
mounted on the flight engineer’s instrument
panel. This indicator may be of the so-called
“liquidometer” type. The operation of the switch
2828 connects the indicator successively with the
conductors of cable 2830 extending to the fuel
quantity controls, Figs. 24 and 26, at the instruc-
tor’s desk. For example, when the selector is set
upon the first terminal of its arc the indicator
2821 is connected over conductor 2832 of cable
2838 to the brush of the rheostat 2604. If the aft
hull tank is full as it shouid be at the start of the
flight the brush of rheostat 2604 will have been
ses to the full position through the operation of
the setting knob 2602 by the instructor. The
indicator 233{ should show each tank to be full
as the selector switch 282§ is operated from posi-
tion to pogition.

The flight engineer then proceeds to check the
oil quantity by operating the oil quantity switch
down and then up. In the down position a eircuit
is established from battery through resistance
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2834, over contacts of switch 2848, through the

oil quantity indicator 2833, over other contacts of

switch 2849 and conductor 2836 of cable 2830 to

the brush of rheostat 2414. If the oil tank for the
8 right engine is full as it should be at the start
of the flight, the brush of rheostat 24{4 will have
been set to the full position through the operation
of the setting knob 2408 by the instructor. In the
up position of the switch 2849 a circuit is estab-
lished from battery through resistance 2835, over
contacts of switch 2848, through the indicator
2833, over other contacts of switch 2849 and con-
ductor 2837 of cable 2830 to the brush of rheostat
2415, If the oil tank for the left engine is full
the brush of rheostat 2415 will have been set to
the full position through the operation of the
setting knob 2469 by the instructor.

Cylinder temperaiure indicator check

With battery power applied to the trainer in
response to the closure of circuit breaker 3161
the auxiliary power plant cylinder temperature
indicator 2838 and the dual indicator 2838 for
indicating the cylinder temperatures of the main
engines, disclosed in Fig. 28, are conaitioned for
operation. A circuit is established from ground
through the winding of auxiliary power plant cyl-
inder temperature rheostat 2314 at the instruc-
tor's desk, Fig. 23, over conductor 235, through
resistance 36v2 and through the winaing of poten-
tiometer 3601 of the auxiliary power plant motor
control circuit and through resistance 36u3 to
ground and through resistance 3668 to battery
and ground. A circuit is also established from
ground through the winding of the right engine
cylinder temperature rheostat 2318 at the instruc-
tor’s desk, Fig. 23, over conductor 5162 of cable
5700 to battery, and in parallel with the rheostat
23i8 from ground through resistance 4628,
through the winding of the right engine cylinder
temperature rheostat 4628 and resistance 4621 at
the right engine cylinder, oil and temperature
motor control circuit of Fig. 46. A further cir-
cuit is also established from ground through the
45 winding of lett engine cylinder temperature rheo-

stat 2322 at the instructor’s desk, Fig. 23, over

conductor 4662 of cable 4500, to battery at the
left engine cylinder, oil and temperature motor
control cirguit represented by the box 4650, Fig.

50 46, and in parallel with the rheostat 2322 through
the left engine cylinder temperature rheostat
corresponding to rheostat 4626.

It being assumed that the cylinder temperature

rheostats 2314, 2318 and 2322 are set at normal,
85 a circuit is therefore effective from the brush of
rheostat 2314, through resistance 2316, through
the auxiliary power plant cylinder temperature

indicator 2317, over conductor 2319 of cables 2303

and 2850, through the auxiliary power plant cyl-
60 inder temperature indicator 2888 and over con-

ductor 2840 to the brush of the suxiliary power

plant cylinder temperature potentiometer 3601,

Fig. 36, in preparation for the operation of the

indicator 23i7 at the instructor’s desk and indi-
68 cator 2838 on the flicht engineer’s instrument

panel to indicate the cylinder temperature.

A circuit is also effective from the brush of
rheostat 2318, through resistance 2329, through
the right engine cylinder temperature indicator

70 of the dual instrument 2221, over conductor 2523
of cables 2309 and 2858, through the right engine
cylinder temperature indicater of dual instru-
ment 2839 on the flight engineer’s instrument
panel and over conductor 284¢ to the brush of

75 the right engine cylinder temperature potenti-
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ometer 4528 of Fiz. 46, and a circuit is effective
from the brush of rheostat 2322, through resisi-
ance 2324, through the left engine cylinder tem-
perature indicator of the dual instrument 232f,
over conductor 2325 of cakles 23880 and 283¢,
through the left engine cylinder tsmperature
indicator of dual instrument 2838 and over con-
cductor 2842 to the brush of the left engine cylin-
der temperature potentiometer corresponding to
potenticmeter 4625 and included in the apparatus
indicated by the box 46%3. As a result the dual
indicator 2321 =t the instructor’s desk and the
duel indicator 28238 on the flight engineer’s instru-
ment panel are prepared to indieate cylinder tem-
peratures for the right and left engines.

Starting ithe auziliary power plani

To start the auxiliary power plant the flight
engineer first turns the voltmeter selector switch
VMS, Fig. 31, to the APPG f{erminal thereby
establishing a circuit from ground through the
switch and the winding of VAPP relay 3i08 to
battery. Relay 3189 upon operating connects
ground to. conductor 3i19 of cable 3108, through
the auxiliary power plant voltmeter lamp 2212,
Fig. 22, at the instructor’s desk. The auxiliary
power plant ignition switeh 3i11{ is next operated,
establishing a circuit from ground thereover, over
conductor 3112 of cable 3100 to battery through
the auxiliary power plant ignition-on lamp 2213,
Fig. 22, at the instructor’s desk. The flight engi-
neer next operates the non-locking auxiliary
power plant start key 3115 thereby operating
STO{ relay 23115, which over its upper contacts
establishes a circuit over conductor 3117 of cable
3103 to light the auxiliary power plant starter-on
lamp 2214 at the instructor’s desk, and with
COAPP relay 3119 operated through the previous
operation of circuit breaker 3118, to close the cir~
cuit of STO relay 3i{25. Relay 3i20 over its upper
contacts closes the heater circuit for timing tuie
2i21. If the flight engineer holds the start key
3115 closed for approximately € seconds or an
interval which should be sufficient to start the
auxiliary power plant, the filament of timing tube
3121 will become sufficiently heated to render the
tube conducting to cause the operation of ESTI
relay 2122 over its cathode-anode circuit. With
velay 2122 operated a circuit is established from
ground over the ignition key 81 {1, conductor 3113,
over the lower contacts of previously operated
APP relay 3504, conductor 3114, lower contacts of
relay 3120, contacts of relay 3122 through the
winding of EST relay 3123 to battery. Relay 3123
upon operating locks over its inner lower contacts
to ground applied to conductor 3114 over the con-
tacts of the ignition key 3111, connects ground
over its inner upper contacts and conductor 3124
of cable 3180 through the auxiliary power plant
starter-run lamp 2215 at the instructor’s desk to
indicate that the auxiliary power plant is running.

At its lower contacts relay 3123 establishes a
circuit for APPG relay 3125 extending from bat-
tery threough its winding, over the lower contacts
of relay 3123 and over conductor 3126 of cable
3189 to ground over the contacts of auxiliary
power plant generator key 2200 at the instructor’s
desk. With BS and VAPP relays 3102 and 31639
nreviously operated, relay 3125 establishes a cir-
cuit from battery through the voltmeter VM on
the flight engineer’s power control panel, Fig. 21,
over the upper contacts of relay 3108, over the
upper contacts of relay 3125, over the upper back
contact of APPSW relay 3128 to ground over the
inner upper contacts of relay 3125, and in parallel

19

20

25

30

35

40

o
(=]}

L]
Lt

€9

~1
o

5 the lower front contact of relay 3125, the ur

20

with voltmeter VM over conductors 3148 and 3i49
of cable 3100 through voltmeter 2231 at the in-
structor’s desk, resulting in the operation of vclt-
meters VM and 2231 to read 27 volts, or the pe-
tential being applied to the starter motor ¢f the
auxiliary power plant. A circuit is also closed
from ground through the battery smmeter 3:29
on the flight engineer’s power control panel,
through resistances 3134 and 3138, cover conduce-
tor.3131 of cable 3100, through the battery am-
meter 2216 at the instructor’s desk, through rhe-
ostat 2217 and resistance 2218 to battery. These
ammeters through the adjustment of the rheo-
stat 2217 should read —25 amperes indicating
that in the simulation of the starting of the
auxiliary power plant a current of 25 amperes is
being drawn from the storage batiery by the
starting motor.

The flight engineer also operates the auxiliary
power plant generator key 3127 thereby causing
the operation of APPSW relay 3128. Cver its in-
ner lower contacts relay 3128 estabiishas a cir-
cuit from ground on bus bar GB, cver such con~
tacts and conductor 3146 of cable 3180 to battery
through the auxiliary power plant generator lamp
2229 at the instructor’s desk. With reiay 3i28
operated the shunt of 100 ohms resistance 3423
is removed at its upper contacts whereby the
circuit for voltmeter VM may be traced from
battery therethrough over the upper contacts of
relay 3109, the upper contacts or relay 3123,
through resistance 3133 and the upper iront
contact of relay 3128 to ground on bus bar Gi3
and in parallel with voltmeter VM over conduc-
tors 3148 and 3149 of cable 3100 through volt-
meter 2231 at the instructor’s desk. The volt-
meter readings are now reduced to 24 volts indi-
cating that the operation of the starting rotcr
has reduced the storage hatery voltage. ZRelay
3128 also establishes a shunt around resisiance
3130 whereupon a circuit is effective from ground
through the battery ammeter 3129, thrcugh re-~
sistance 3138, over the lower front contact of ve-
lay 3102, the lower front contact of relay 3i%%,

front contact of relay 3105, and thence as traced
through the battery ammeter 2216 and hatiery
at the instructor’s desk whereupon the ammnieter:
3128 and 2216 are now caused to read --13 ani-
peres or the current input from the auxiliary
power plant to the storage batery. Relay 312§
also establishes a circuit from ground cver toe in-
ner upper contacts of relay 3128, through the aux-
iliary power plant generator ammeter 3135, inner

3 lower contacts of relay 3125, conductor 3138 of

cable 3100, through the auxiliary power plani
generator ammeter 2297 at the instructor’s desk,
through resistances 2298 and 2219 and rheostat
2220 to battery, resulting in the operation of am-
meters 3135 and 2217 to read --55 amperes or the
simulated output of the auxiliary power plant
generator.

Relay 3123 also at its upper contacts establishes
a circuit from ground thereover, over conductor

3 3132 through the winding of start relay 3304 of

the auxiliary engine oil pressure, cylinder and ¢il
temperature motor control circuit of Fig. 3G.
The field winding of motor 3803 is energized by
current impressed thereon from the phase ¢l
portion of secondary winding of the power trans-
former T36 and, with relay 3604 energized, the
rotor circuit of motor 3605 is now energized over
g circuit from ground through the rctor and re-
sistance 3606, over the normally closed contacts
of limit switch 3601, over the back contact of
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relay 3608, the upper back contact of relay 3609,
the lower No. 2 contacts of relay 3604, over the
back contact of DOP relay 3610 and through the
leit phase ¢2 portion of the secondary winding
of transformer T36. Motor 3605 now operates in
such a direction as, through the reduction gear
box 36¢i, to rotate the shaft 3612 in a counter-
clockwise direction to rotate the rotor of the
autosyn transmitter 3613 and the operating cams
of the limit switeh 3607 and 3615 and the cam
of intermediate switch 3614. The stator of auto-
syn 36i3 is energized from the 400-cycle 33-volt
source of alternating current, two of the stator
windings of which are coupled over the two con-
ductors of cable 3616 with the stator winding of
receiving autosyn 2356 at the instructor’s desk
and over & branch of such cable, the upper Nos. 2
and 3 contacts of relay 32i2 and the conductors
of cable 32i4 with two of the stator windings of
receiving autosyn 2843 at the flight engineer’s
station. The third windings of these autosyns
are interconnected through their connection to
the grounded supply leads from the 400-cycle
source of current. The rotors of the receiving
autosyns 2356 and 2843 are also energized as
previously described from the 400-cycle bus bars
450C and 460G.

After an interval of approximately 8 seconds
the rotor of transmitting autesyn 3613 will have
rotated and caused the synchronous rotation of
the rotors of receiving autosyns 2356 and 2843
to move the pointers of the associated oil pres-
sure indicators 2357 and 2867 to indicate a simu-~
lated oil pressure of approximately 200 pounds
at the auxiliary power plant. _

Start relay 3684 upon operating also establishes
a circuit from ground over its upper No. 1 part
contact over the contacts of limit switch 3817
through the left shaded pole winding 3618 of
motor 3826 to ground. Since the main stator
winding 3618 of the motor is energized from the
115-volt, 60-cycle source, motor 3628 which is of
the reversible shaded pole type, through the re-
duction gear box 3621, drives shaft 3622 in a
clockwise direction thereby moving the brushes
of rheostats 3660 and 3601 toward their No. 1 ter-
minals. After an interval of approximately two
minutes, the brushes will have been moved to
an extent sufficient to increase the current fiow-
ing over conductor 2825 through the auxiliary
power plant oil temperature inaicator AFPO at
the instructor’s desk and indicator 28i{2 at the
engineer’s instrument panel whereby such in-
dicators indicate a rise in the oil temperature
from --15° C. to 425° C. and to increase the
current flowing over conductor 2840 through the
auxiliary power plant-cylinder temperature in-
dicator 2317 at the instructor’s desk and indi-
cator 2838 at the engineer’s instrument panel
whereby such indicators indicate a rise in the
cylinder temperature from --15° C. to 4-100° C.
After the two-minute interval, the temperature
switech TC closes to establish a circuit from
ground over the upper No. 2 contacts of relay
36064, over the contacts of switch TC through the
winding of T relay 3608 to battery. The motor
3620 continues in operation until the limit switch
3617 is operated by the cam on the shaft 3622 to
open the eircuit through the shaded pole wind-
ing 36i8 whereupon the motor comes to rest.

Relay 3568 upon operating locks over its upper
contacts to ground over the upper contacts of
relay 3604, opens the rotor circuit previously
traced for motor 3605 and establishes a new ro-
tor circuit which may be traced from ground
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through the rotor, through the resistance 3608,
the lower front contact of relay 3608, the low-
er back contact of NP relay 3609, the upper back
contact of IOP relay 3623, through resistance
3624 and through the right phase ¢l portion of
the secondary winding of transformer T36. Mo~
tor 3605 is now driven at a slower speed because
of the inclusion of resistance 3624 in ifs rotor
circuit and in the reverse direction whereupon
the reverse operation of the rotor of autosyn
transmitter 3613 causes the oil pressure indica~-
tors 2357 and 2807 at the instructor’s desk and
the engineer’s instrument panel to indicate a
decreasing oil pressure until after abcut two min-
utes such indicators will indicate an oil pressure
of about 60 pounds. At this time intermedi~
ate switch 3614 is operated by the motor 3605
and, since at this time relay 3608 is operated, a
circuit is established from ground over the upper
contacts of relay 3604, over the upper contacts
of relay 3608, over the contacts of switch 3614
and through the winding of normal pressure
relay 3608 to battery. Relay 3609 upon operat-
ing locks over its lower front contact under the
control of start relay 3604 and at ifs lower back
contact opens the rotor circuit of motor 3635
which comes to rest. 'The simulated starting and
running of the auxiliary power plant is now com-
pleted and the simulated oil pressure, oil tem-~
perature and cylinder temperature thereof under
nornial running conditions are indicated at both
the instructor’s desk and at the flisht engineer’s
instrument panel.

- Starting the main engines

The pilot preparatory to starting the main
engines operates the instrument light switch
t74t, Fig. 17, thereby operating relay (1i2 to
light the fluorescent instrument panel lights
1713 and operates the lower and upper panel
light rheostats 1701 and 1702 to the “on” posi-
tion and then adjusts them to light the lambps
17063 and 1704 to the desired brightness and then
checks to see that all other light switches are
in the “off” positions. The pilot then momen-
tarily operates the fuel light test switch {81t
thereby establishing a circuit from battery
through the winding of FLT relay 3320, over con-
ductor 3381 of cable 3380, over the contacts of
key {811, conductor 3382 of cable 3388 and over
the lower contacts of FLW relay 3312 to ground
on bus bar GB. Relay 3320 thereupon operates
and, in the manner previously described in con-
nection with the operation of the flight engineer’s
warning light test switch 33(7, lights all of the
low level fuel lamps {810 on the pilot’s pedestal
and the low fuel lamps 2828 at the flight engi-
neer’s station.

At the copilot’s instrument panel the flap and
air indicator keys [7{4 and (715 are operated
to their “on” positions. The operation of key
1714 establishes a circuit from ground on bus
bar GB, over the lower contacts of FP relay 3322
cperated through the closure of circuit breaker
3822, conductor 3383 of cable 3380, contacts of
key 1714 and over conductor {7i6 through the
winding of relay 1524 to battery for rendering
the wing flaps indicator 1525 operable. The op-
eration of key {715 establishes a circuit from
ground on bus bar GB, over the lower contacts
of AT relay 3324 operated in response to the clo-
sure of circuit breaker 3325, over conductor 3384
of cable 3380, contacts of key (715 and over con-

- ductor-1T1T through the winding of relay 1521 to

({]

battery for connecting the pilot’s air temperature
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indicator 1526 in place of resistance 1522 in the
circuit previously traced.

Before simulating the starting of the main
ongines the pilot places the right and left pro-
peller gevernor controls 3012 and 30613 c¢i the
overhead equipment adjacent the pilot’s and
copilot’s stations, in the maximum R. P. M. in-
crease positions thereby moving the similar over-
nead equipment (not shown) adjacent to the
fiighv engineer’s station into the same positions;
pushes the ignition switch 3014 in; closes the
right and left ignition keys 30i5 and 36(6 to
the BOTH closed positions as indicated in Fig.
30; operates the right and left throtties to their
extreme lower or closed positions in which the
brushes of the rheostats 30{TR, 33i13R, 3¢I9R
controlled by the right engine throttie and the
brushes of the rheostats 3017L, 30{3L and 3019L
controlled by the left engine threttle are all
moved to the lower C terminals of their wind-
ings, and whereby the throttles (not shown) posi-
tioned adjacent to the ilight engineer’s station
are simultaneously moved; checks fo see that
the right and left propeller control safety
switches 1812 and 1813 are closed thereby operat-
ing the associated relays 13{4 and (815; op-
erates the right and left propeller control
switches 1816 and 1817 to their upper or auto-
matic positions and checks to see that the switches
{618 and 1819 are in their “on” positions.

With the ignition key 3016 operated to ths
BOTH position, indicating that both the right
and left magnetos are to be used in starting the
right engine, circuits over conductors £80f and
5682 of cable 5600 to the left terminals of the
windings of the right and left ignition relays
5633 and 5604 asscciated with the right engine
control circuit of Fig. 56 are opened therepy
removing shunts from such relays which there-
upen operate. Relay 5603 operates over a cir-
cuit from battery through resistance 5885 to
ground through its winding and relay 5604 op-
erates over a circuit from batiery through re-
sistance £606 to ground through its winding.

With these relays hoth operated a circuit is .

established from ground over their inner upper
contacts, conductor 5687 of cable 5600 to battery
through the right engine ignition lainp 2518
at the instructor’s desk which thereupon lights
to indicate that an ignition circuit has keen
established for the right engine. With ignition
key 3845 operated to the BOTH position circuits
are closed over conductors 4501 and 4502 of cable
4308 whereupon relays of the engine control cir-
cuit for the left engine corresponding to re-
lays 5802 and 5604 are operated to in turn close
a circuit over conductor 4507 of cable 4500 for
lighting the left engine ignition lamp 2519 at the
instructor’s desk which thereupon lights to indi-
cate that an ignition circuit has been established
for the left engine,

With the right propeller control switch 1818
closed in its upper or automatic position a cir-
cuit iz established from ground over conductor
33567, over the lower contacts of relay 1814,
switch 1818, switch {816, conductor 5608 of cabie
5600 to battery through the winding of AUT
relay 5539. Relay 5509 upon operating removes
ground at its upper contact from conductor 4321
thereby releasing relay 4320 in the R. P. M.
memory motor control circuit, Fig. 43, for the
right engine for permitting the motor M43 of
that circuit to be subsequently operated and at
its lower back contact opens. the circuit of relay
5610 which operated when. batiery power was
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connected to the trainer by the flisht engineer,
whereupon relay 5510 now releases and over its
lower No. 1 back contact connects ground to
conductor 8811 of cable 5600 thereby complet-
ing the circuit through the right propeller-auto-
matic lamp 2187 at the instructor’s desk, such
lamp lighting to indicate that the propeller

itch control for the right engine has been
placed on the automatic setting. With the left
propeller control switch 18i7 operated to the
upper or automatic position relays similar to
relays 5608 and 5610 are controlled in the engine
control circuit for the left engine whereby the
R. P. M. memory motor control circuit for the
left engine is conditioned for cperation and a
circuit is establishad over conductor 4511 of cable
4500 for lighting the left propeller-automatic
lamp 2607 at the instructor’s desk, Fig. 20.

The flight engineer, to simulate the starting of
the right engine, now operates the right engine
start key 344i (o its left or “on” position for
approximately twelve seconds thereby establish-
ing a circuit from ground over the left contact of
key 3441, conductor 3442 to battery through the
winding of STG# relay 5612. Relay 5612 there-
upon operates establishing a circuit sver its upper
contacts and conductor 5613 of cable 5600 to bat-
tery through the right engine starter-on lamp
2221 at the instructor’s desk which remains
liched so long as the key 3441 is held in the start
position to indicate that the simulated inertia
starter is being brcught up to the required speed.
Relay 5612 also establishes a circuit for STO re-
lay 5514 which may be ftraced from battery
through its winding over the lower contacts of
relay 5612, conductor 5619, over the front con-
tact of main engine start relay 344% to ground
on bus bar GB, relay 3445 being operated in re-
sponse to the closure of circuit breaker 3446 by
Relay 5614 upon operating
closes the filament heating circuit for the timing
tube TT. After an interval of approximately
twelve seconds the filament will become suffi-
ciently heated to cause the tube TT to conduct
and establish the circuit of STW relay 5615 over
a circuit from anode battery over the anode-
cathode path through the tube, through the wind-
ing of relay 5515 to ground at the back contact
of EST relay 5616.

After the expiration of approximately twelve
seconds the flight engineer operates the key 3441
to its right or mesh position and at the same
time operates the right engine priming key 3443,
it being assumed that the starting of a cold en-

< gine is being simulated. The operation of key

3443 estabilishes a circuit from ground thereover,
over conductor 3444 and through the winding of
PRMI relay 55{71. Relay 56{T upon operating
establishes & circuit from ground over its upper
contacts, conductor 8618 of cable 5600 to the
right engine primer lamp 2222 to battery for
indicating to the instructor that the primer
switch for the right engine has been cloged. Relay
5617 also establishes a circuit from ground over
conductor 5849, over its lower contacts, over con-
ductor 5520, the lower contacts of right fuel re-
lay 3519 and over conductor 5621 through the
winding of PRM relay 5622 to battery thereby
operating relay 5622.

Relay 5022 upon operating establishes a control
circuit for the right engine fuel flow motor con-
trol circuit of Fig. 37 since fuel will be consumed
in priming the engine and in operating it under
the control of the inertia starter. This circuit
may be traced from a point between resistances
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5645 and 5646, which are connected in series be-
tween the bus bar 40¢ | and ground, over the lower
front contact of PRM relay 5622, over conductor
56417, through resistance 4802 and conductor 4883
to the input of amplifier tube 3700 of the fuel flow
motor control circuit. This potential is amplified
by tube 3708, is rectified by tube 3703, and is im=~
pressed upon the control grids of tubes 3784 and
3705. As a result tube 3705 fires but tube 3704
does not and the RV and RVI relays 3708 and
3707 do not operate and the motor M37 is oper-
ated to rotate shaft 3718 at a slow speed in one
direction of rotation and through the unity ratio
bevel gears 4800 to rotate the shaft 4801 in such
a direction as to move the brush of the potenti-
ometer RFFPI associated with such shaft from
the No. 1 toward the No. 3 terminal of its wind-
ing. As soon as the brush of the balancing po-
tentiometer RFFFPI has moved to g position such
that the potential of phase ¢2 supplied thereover
balances the control potential of phase ¢i the
motor M37 comes to rest. Potential of phase ¢2
is supplied from bus bar 4042 over resistance 4824
through the winding of potentiometer RFFP! to
ground. The movement of shaft 3710 will be only
slight at this time as the rate of fuel consumption
until the engine starts running is at a very slow
rate.

The shaft 3710 upon rotating rotates the rotor
of transmitting autosyn 3125, the rotor winding
of which is energized from the 400-cycle bus bars
408C and 409G and the stator windings of which
are connected over conductors of cable 3126 with
the stator windings of the receiving autosyn 2328
which drives the right unit of the dual fuel flow
indicator 2329 at the instructor’s desk. The rotor
winding of the receiving autosyn is energized from
the 4085C and 406G bus bars. The stator wind-
ings of the transmitting autosyn 3725 are also
connected over a branch of cable 3726, over the
Jower Nos. 2 and 3 contacts of relay 3212 and con-
ductors of cable 2216 with the stator windings of
the receiving autosyn 2845 which drives the fuel
flow indicator 2806 mounted on the flight engi-
neer’s instrument panel, Fig. 28, The rotor wind-
ing of this autosyn is energized from the 408C
and 400G bus bars. These indicators 2329 and
2806 now indicate the rate of fuel consumption
during the time that the driving of the right en-
gine by the inertia starter is being simulated.

With key 3441 in the mesh position a circuit is
established from ground over the right contacts
of key 344f conductor 3448 and through the
winding of STM2 relay 5623 to battery where-
upon relay 5623 operates and connects ground
over its upper contacts and conductor 5524 of
cable 5688 to battery through the right engine
starter mesh indicating lamp 2223 at the instruc-
tor’s desk. With relay 5615 operated after the
expiration of the twelve-second interval, relay
6623 also establishes a circuit for STMIi relay
5625 over a circuit from battery through its wind-
ing, over the contacts of relay 5615 and the lower
contacts of relay 5623 to ground on conductor
5619. Upon the operation of key 3441 from the
start position to the mesh position the circuit of
3TO{ relay 5812 is opened and this relay releases
STO relay 5614, The release of relay 5614 opens
the filament heating circuit of tube TT and after
the expiration of approximately twenty seconds
tube TT ceases to conduct and STW relay 5615
releases, if it has not previously released.

Relay 5625 establishes an obvious circuit over

its lower No. 3 contacts for STM relay 562§.
However, prior to its operation a circuit was effec~
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tive for starting the motor of the manifold pres-
sure motor control circuit of Fig. 41 extending
from ground through resistance 5202, through
potentiometer AP3 driven from the altimeter mo-
tor control circuit (the winding of which potenti-
ometer is energized over a circuit frem ground
through resistance 5202, through resistance 5203
and conductor 5204 from the bus bar 40¢{),
thence over conductor 5205, over the upper No. 2
back contact of FL relay 5641, the upper back
contact of STM relay 5626, the lower back con-
tact of ESTI relay 5628 to the control conductor
5642 of the manifold pressure motor control cir-
cuit of Fig. 41. 'The potential applied to con-
ductor 5642 is amplified by an amplifier tube (not
shown) but similar to tube 900 of PFig. 9, is recti-
fled by a tube (not shown) but similar to tube
903 of Fig. 9 and is impressed upon the control
grids of motor control tubes (not shown) but sim-
ilar to tubes 904 and 935 of Fig. 9. As a result the
tube corresponding to tube 905 fires but the tube
corresponding to tube 904 does not and the motor
(not shown) is operated to rotate shaft 4110 at a
slow speed in one direction of rotation and
through the unity ratio bevel gears 5208 to ro-
tate the shaft 5201 in such a direction as to
move the brushes of the potentiometers controlled
thereby from the No. 1 toward the No. 3 termi-
nals of their windings. As soon as the brush of
balancing potentiometer RMPS has moved to a
position such that the potential of phase ¢2 ap-
plied through resistance 5206 to conductor 5642
from the brush of potentiometer RMP5S bhalances-
the control potential of phase ¢l applied to con-
ductor 5642 the motor of the manifold pressure
motor control circuit will stop. Potential of
phase ¢2 is applied to the winding of potentiom-
eter RMPS over a circuit from ground through re-
sistance 5207 through the potentiometer winding
and over conductor 5208 to the bus bar 40¢02. The
potentiometers controlled by shaft 5201 will now
be adjusted to positions commensurate with the
haromstric pressure at sea level.

Rotation of shaft 4110 has also resulted in the
movement of the rotor winding of the autosyn
transmitter 4125, the rotor winding of which is
energized from the 33-volt, 400-cycle source over
the 490C and 400G bus bars and whose stator
windings are connected over conductors of cable
4126 with the stator windings of the receiving
autosyn 2326 associated with the dual manifold
pressure indicator 2327 at the instructor’s desk,
the rotor winding of which is also energized from
the bus bars 400C and 400G over another branch
of cable 4128, over the lower Nos. 1 and 2 contacts
of relay 3211, conductors of cable 3215, with the
stator windings of the receiving autosyn $725 as-
sociated with the dual manifold pressure indica-
tor {724 on the pilot’s pedestal and with the sta-
tor windings of the receiving autosyn 2844 asso-
ciated with the dual manifold pressure indicator
2818 on the flight engineer’s instrument panel.
The right portions of these dual indicators are
thus operated to indicate a barometric sea level
pressure of 30 inches of mercury.

As soon as the STM relay 5626 operates, the
circuit previously traced for applying potential of
phase ¢l to the control conductor 5642 of the
manifold pressure motor control circuit is opened -
and a new circuit is established which extends
from conductor 5642 over the lower No. 3 back
contact of ESTI relay 5628, over the upper front
contact of STM relay 5626, conductor 5643, over
the throttle controlled rheostat 30{8R to the 40¢1
bus bar. The winding of rheostat 3018R is ener-
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gized over a circuit extending from ground there-
through, through resistance 2022R and over con-
ductor 3823 from the bus bar 40¢{. The potential
now applied to conductor 5642 is somewhat less
than formerly applied due to the fact that the
engine is now assumed to be turning over under
the control of the inertia starter and will there-
fore produce a suction on its manifold to reduce
the manifold pressure slightly below the 30-inch
bharometric pressure. The amount of the reduc-
tion of the pressure will depend upon the setting
of the throttle for the risht engine.

When the MAN relay 5618 released as previous-
1y described in response to the setting of the pro-
peller control for automatic operation, a circuit
was established from a point between resistances
5848 and 5€49. over the upper back contact of
ESTA relav 5639, over the upper No. 1 back con-
tact of MAN relav §56!0, over conductor 5650
through resistance 5322 to control conductor 4323
of the R. P. M. memory motor control circuit for
the rieht envine. Potential from the bus bar 4%¢2
being suvplied to the potential divider compris-
ing resist~nces 5648 and 5549, potential of phage
2 is applied to control conductor 4323 and as a
consecusnce the motor M43 is overated to rotate
shaft 4310 a} g slow speed until the cam earried
thereby operates the L limit switch 43i{ to open
the circuit of motor M43 at which time throngh
the unitv ratio hevel gears 5499 and shaft 5401 the
brush of notentiometer RRMPS$ associated there-
with will be driven to the No. 1 terminal end of
its winding,

The R. P. M. memory motor unit is a. circuit ar-
rangement, wherehv hv means of the potentiome-
ter RRMPS controlled therehv the potential from
the proneller potentiometer RPPI, manifold pres-
sure potentiomeater RMP2 and true air speed po-
tentiometer TASP4 is maintained nrecisely equal
to the potential in the R. P. M. halancing potenti-.
ometer RRPI® so that at the instant of throw-
over from automatic to manual control of the
propeller the R. P. M. motor control circuit of
Fir, 40 will not cause any change in the setting
of its asscciated potentiometers. This simulates
the action in an actual aircraft sinee at the in-
stant of the throw-over the conditions affect-
ine the R. P. M. are not chaneed and the R. P. M.
remains the same. Subsecuent changes in the
propeller pitch, manifold pressure or true air
speed of course will gffect the R. P. M.

When relav 5§26 later onerates a circuit is eg-
fablished from the bus bar 48+ 1, over its inner up-
per contacts. conductor 5644, throueh the windine
of the right proneller pitch notentiometer RPPI
and resistaunce 5402 to ground. A potential de-
rived therefrom is apnlied through the winding
of the rieht engine manifold potentiometer RMP2
and resistance 5402 to ground. A further Do~
tential derived from the latter potentiometer is
avplied throueh the winding of the true air sneed
potentiometer TASPA and through resistance
58924 to eround from which latter potentiometar
a potential is derived and applied throuch the
winding of the B. P. M. memory potentiometer
REMPS 2nd a potential derived from the latter
potentiometer is applied over conductor 5405,
over the lower No. 2 hack contact of relay 5610,
conductor 4225, throush resistance 4324 to con-
trol condnctor 4293 of the R, P, M. memory mo-
tor control circnit.of Fig. 43. The motor control
circuit is thus opersted to rotate the shafts 43t
and 840! until the brush of potentiometer RRMPS
is adiusted to render the potential of phase !
applied therecver, as just described, equak to the
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potential of phase ¢2 applied to the control con-
ductor 4323 over the brush of the balancing po-
tentiometer RRPI0 of the R. P. M. motor unii.
This latter potential is applied from the brush of
potentiometer RRP10, over conductor 5656, over
the upper front contact of ESTA relay 5639, over
the upper No. 1 back contact of MAN relay 5610,
conductor 5650, through resistance 4322 to con-
trol conductor 4323.

Relay 5625 also upon operating connects 40-
volt phase ¢! current from bus bar 40¢i over
its. upper No. 1 contacts to conductor 5627,
through the winding of manifold pressure po-
tentiometer RMP4 of Fig. 51 and through re-
sistances: 5102 and 5(03 in series to ground and
in parallel with such resistances over conductor
5104, through the right engine throttle rheo-
stat 301TR in the closed or low resistance nosi-
tion, Fig. 30, and over conductor 5{95 through
resistance 5106 to ground. From the junction
point between resistances 5102 and 5182 of Fig.
51 conductor 5107 extends over the uryer No. 1
back contact of EST! relay 5628, over conductor
5629 to the upper terminal of the primary wind-
ing of transformer T40 of the R. P. M. motor
control circuit of Fig. 40. Potential from theo
bus bar 40¢ ! is also applied over the upper No. 1
contacts of relay 5625, through resistance 5639,
through the winding of the right propeller gov-
ernor rheostat 3012, Fig. 30, in the maximum
R. P. M. or low resistance position and conduc-
tor 3021 to the lower terminal of the primary
winding of transformer T49 of the R. P. M. mo-
tor control circuit of Fig. 40.

Potential of phase @i is therefore connected
to both terminals of the primary winding of
transformer T49 but these potentials being of
different value will cause current to flow through
the primary winding of transformer T4¢ with the
result that during the positive half cycles of the
current positive potential will be applied to the
control grid of tube VT40. Biasing potential is
applied to the control grid of tube VTA08 over
the secondary winding of transformer 'T40,
through the bias adjusting rheostat R40 and
through the diode rectifier tube VT4!{ and the
left secondary winding of power transformer
T4l to ground, rheostat R40 being connected
through resistance 4000 in series with the left
secondary winding of transformer T4! across
the eathode-anode path through the tube VT41,
The filaments of tubes VT40 and VT4l are
heated by current applied from the middle sec-
ondary winding of transformer T4l and anode
potential of phase ¢l is supplied throucgh retard
coil 4005 through the winding of the MPC relay
4002 in parallel with the resistance 4803 from
115-volt phase ¢f bus bar {15 ol. With the

. control potential of phase »{ applied-to the pri-

mary winding of transformer T40, potential of
phase ¢l is impressed upon the control grid of
tube VT40 and with potential of the same phase
ol applied to its anode, tube VT49 becomes con-
ducting durine each positive half cycle and on-
erates relay 4002 to short-circuit resistance 4009
and to thereby increase the positive grid bhias
of tube VT40 to insure that relay 40602 will be
held operated so long as tube VT40 continues
to conduct in response to the control potential.

With relay 4002 operated potential of phase
ol connected over the upper No. 1 contacts of
relay 5625, conductor 5627, throuch the winding
of manifold pressure potentiometer RMPA of
Fig. 81, through resistance 5102, conductor 5107,
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the upper No. 1 back contact of relay 5628 and
conductor 5628 is further connected over the
upper front contact of relay 4002, over conduc-
tor 4004, through resistance 563{ and resistances
5632, 5633 and 5634 in series to ground and in
parallel with the latter resistances over the up-
per front contacts of IGR and IGL relays 5603
and 5604, over the upper No. 2 back contact of
MAN relay 5610, the upper front contact of PRM
relay 8622, over the upper No. 2 front contact of
STMI relay 5625, conductor 5635, through re-
sistance 5108 and conductor 4301 to the R. P. M.
motor control circuit for the right engine,
Fig. 40.

In response to the potential of phase ¢l ap-
plied to conductor 400f, this potential is am-
plified by an amplifier tube (not shown) but
similar to tube 800 of Fig. 9, is rectified by a
tube (not shown) but similar to tube 983 of
Fig. 9, and is impressed upon the control grids
of motor control tubes (not shown) but similar
to tubes 904 and $05 of Fig. 9.  As a result the
tube corresponding to tube 905 becomes conduct-
ing but the tube corresponding to tube 384 does
not and the RV and RV relays 4006 and 4007
do not operate and the motor (not shown) is
operated to rotate shaft 4018 at a slow speed
in one direction of rotation and through the
unity ratio bevel gears 5100 to rotate the shaft
5101 in such a direction as to move the brushes
of the potentiometers from the No. 1 terminals
of their windings towards the No. 3 terminals
thereof. As soon as the brush of balancing po-
tentiometer RRPI0 has moved to a position such
that the potential of phase ¢2 applied therefrom
to conductor 4001 through resistance 5(89 as
derived from the potentiometer, whose winding
is connected in g circuit from ground through
such winding and resistance 5118 to the 40-volt

60~-cycle bus bar 4092, balances the signal po- #i

tential of phase ¢f applied to conductor 4001
as previously described, the motor of the R. P. M,
motor control circuit stops. The potentiometers
controlled by shaft 5101 will now be adjusted
to positions commensurate with the simulated
speed at which the right engine is being turned
over by the inertia starter.

As soon as shaft 4010 leaves its normal position
the LI limit switch 4008 closes its right contacts

thereby causing the operation of ON relay 4009. ;

Relay 4009 upon operating establishes a circuit
from ground over its upper No. 4 contacts and
conductor 4014 through the winding of relay 4700
and the field winding of motor 4781 of the

tachometer motor control circuit of Fig. 47 to ;

battery B4T1. The rotor of motor 4781 is energized
by 230-volt current applied from bus bar {15¢l
through the rotor circuit, through resistance
4717, through the next to left secondary winding
of transformer 4707, across the cathode-anode
path through the gas-filled tube 4703 to the bus
bar (1592, The tube 4105 rectifies this current
so that in response to each firing of the tube a
unidirectional impulse of current is transmitted
through the rotor winding of the motor. The
connections from the bus bars {{5pl and (592
tc the lower rotor brush of mofnr 4704 and to the
anode of tube 4705 are such that the motor will
run in such a direction as to cause tachometer
driven by the tachometer generator RTG coupled
to the motor shaft of the motor 4781 to give posi-
tive indications.

For controlling the motor 4101 the gas-filled
tube 4705 is provided, the filament of which is
heated by alternating current supplied from the
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next to left secondary winding of power trans-
former 4704 and the anode of which is supplied
with anode potential from the bus bar (1502 as
previously described. Alternating current bias-
ing potential is applied between the grid and
cathode of tube 4705 over a circuit which extends
from the grid through resistance 4186 and
through resistance 4707 which hag an alternat-
ing current potential with a leading phase angle
impressed upon it by the condenser 4708, through
the left secondary winding of transformer 4704,
through condensers 4709 and 4710 to the mid-
point of the next to left secondary winding of
transformer 4704, thence through the filament of
tube 4705 which serves as a cathode.

For producing the direct current potential
which is superposed on the alternating biasing
potential of tube 4105, the dual rectifier tube 4111
is provided having its filament heated by alter-
nating current supplied from the next to right
secondary winding of transformer 4704. The
primary winding of transformer 4704 is energized
from the bus bar i8¢l in parallel with the pri-
mary winding of the biasing transformer 4712 for
the tube 4155 of the left engine tachometer motor
control circuit and in parallel with the primary
winding of the constant voltage transformer 4703.
The winding of potentiometer RPP5 is connected
through resistance 4702 to the secondary wind-
ing of the constant voltage transformer 4703 and
the brush of such potentiometer is connected
through the primary winding of input trans-
former 4714 to ground whereby the movement of
the brush of the potentiometer by the rotational
movement of shaft 5101 driven by the motor of
the R. P. M. motor control circuit is instru-
mental in deriving a potential from the potential
impressed upon its winding and impressing such
derived potential upon the primary winding of
transformer 4714.

The secondary winding of transformer 4714 is
connected over a circuit extending from the left
cathode of rectifier tube 471§ through such sec~
ondary winding, over the contacts of relay 4700,
through the right portion of the winding of rheo-
stat 4713 and resistance 4715 in series to the left
anode of tube 4T11. Tube 4711 thus rectifies the
input control potential. This rectified potential
is regulated by the adjustment of the slider of
rheostat 4113. A potential derived from this po-
tential is superimposed upon the alternating cur-
rent grid biasing potential and applied between
the cathode and grid of tube 4705 over a path
which may be traced from the grid of the tube,
through resistances 4706 and 471067, through the
right portion of the winding of rheostat 4713,
through resistances 4715 and 4716, through the
rotor circuit of motor 4701, through resistance
4711 to the mid-point of the next to left second-
ary winding of transformer 4704 and to the fila~
ment or cathode of tube 4705.

As the brush of potentiometer RRPS moves in
response to the motor of the R. P. M. niotor con-~
trol circuit a potential is impressed upon the sec-
ondary winding of transformer 47{4. This po-
tential is rectified by tube 4711 and impressed as
a grid confrol potential between the grid and
cathode of tube 4705 superimposed upon the
alternating current biasing potential impressed
between the grid and cathoede of such tube. At
the same time alternating current of phase ¢2
is applied as an anode potential upon the anode
of tube 4105 as previously described. The alter-
nating current grid potential and the resultant
alternating current grid biasing potential are op~
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posite and leading in phase with respect to the
ancde potential. Thus during each positive half
cycle of the anode potential the tube 4705 will fire
when the resultant biasing potential riscs o an
amount which is equal to or slightly in excess of
the critical grid potential.

Each time that the tube 4705 fires an im-
pulse of current flows through the rotor circuit
of motor 4701 over a path which may be traced

from the lower brush of the motor to the bus bar !

1{5¢f returning over bus bar {1502 through
choke coil 4718 across the anode-cathode path
through tube 4785 to the mid-point of the next to
left secondary winding of transformer 4784,
thence through resistance 4717 to the other brush
of the motor. With its stator winding energized
from the direct current source B47 the motor in
response to the impulses of current transmitted
through its rofor winding by the repeated firing

of tube 4705 rofates at an accelerating speed.

During each interval that the tuhe 4705 is non-
conducting motor 4781 is operating at a substan-
tially uniform speed by reason of the discharge of
condenser 4719 through its rotor winding and is

thershy producing a ceunter-electromotive force -

which is proprortional to the speed of the motor.
This counter-electromotive force is avpplied he-
tween the grid and cathode of tube 4785 in opposi-
tion to the control potential produced in response

to the incoming control potential as modified by

the potentiometer RRPS over a path which ex-
tends from the lower brush of motor 470(, through
resistance 4116, resistance 471§, the right portion
of the winding of rheostat 47{3 and through re-
sistances 4707 and 4706 to the grid of tube 4795
and from the filament of tube 4705 to the mid-
point of the next to left secondary winding of
transformer 4704 thence through the resistance
47117 to the upper brush of motor 47¢{. The effect
of this counter-electromotive force is to tend to
neutralize the impressed direct current grid com-
ponent when the motor 4191 attains a speed com-
mensurate with the setting of the brush of poten-
tiometer RRPS. When this occurs firing of the

tube 4705 is retarded to a point where the aver- 4

age current is just enough to keep the motor 4781
running at a speed corresponding to the input
notential. For a more complete description of the
cperation of the tachometer motor control circuit

veference may be had to the apnlication of C. E.

Cermanton. Serial No. 542,983 filed concurrently
herewith. This application has matured into Pat-
ent No. 2,493,064 dated January 3, 1950.

The tachometer motor control circuit disclosed
in the lower portion of Fie. 47 is provided for op-
eration in connection with the R. P. M. motor
control circuit for the simulated left engine and
functions with the right unit of the rectifier tuhe
A71{. Since the engines of a two-engined air-
craoft rotate in opposite directions, the motor 4751
is arranged to rotate in the opposite direction
from the motor 470{ by the connection of the
anode cf tube 4755 through the choke coil 4768 to
the bus har 115¢1 and the connection of the lower
brush of the motor to the bus bar ({5¢2. Thus
the tachometer generators RTG and LTG driven
by the motors 4781 and 4751 are driven in oppo-
site directions to cause the tachometers at the
instructer’s desk and at the pilot’s pedestal and
on the flight engineer’s instrument panel to be
driven in opposite directions.

As the tachometer generator RTG rotates,
through its coupling over conductors 4720 and
4721 of cable 4722 with the right engine tachom-
eter 2522 at the instructor’s desk and the right
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engine tachometer {122 at the pilot’s pedestal and
over a branch of cable 47122 with the right en-
gine tachometer 2815 on the flight engineer’s in-
strument panel, the tachometers 1722, 2522 and
2815 are driven to indicate the speed of the simu-
lated right engine in revolutions per minute.

Relay 5625 of Fig. 56 also upon operating es-
tablishes a circuit from ground over the lower
front contacts of IGR and IGL relays 5503 and
5504, over the lower back contact of relay 5536,
over the upper No. 3 contacts of relay 525, over
conductor 5800, through the winding of relay
5801 of the sound effects circuit of Fig. 58 pro-
vided for simulating the sounds due to the opera-
tion of the right engine whereby such sound ef-
fects circuit is rendered effective. The shaft of
the tachometer motor 4791 also carries the
toothed disc 4723 of a sound effects generator
which revolves in the fleld 4724 of such gener-
ator and generates therein pulsations of current
which are transmitted cver conductors 4725 and
%726 through the primary winding of input trans-
former 5802.

The pulsations are impresed upon the input of
the dual amplifier tube 5803, are amplified there-
by and impressed through the volume regulating
rheostat 5804 unon the control grid of the detec-
tor tube 5805, the cathode-anode path through
which is connected in series with the primary
winding of the output transformer 58086, the sec-
ondary winding of which transformer is con-
nected through a power amplifier 5897 with one
or more loud-speakers 5808 conveniently located
in different parts of the trainer. Anode potential
is applied from the source BE8 through resist-
ance 5889 to the anode hus bar 5810 and from this
bus bar through resistances 5841, 5812 and 5813
to the anodes of tubes 5803 and §885. Direct cur-
rent bias is impressed upon the grid 5814 of tube
7845, through resistance 5815, across the cathode-
anode path through the left unit of the dual
rectifier tube 5816 and through the secondary
winding of transformer 5817 to ground, this cath-
ode-anode path being bridged across the second-
ary winding of transformer 8817 and energized by
potential from the 40-volt, 60-cycle bus bar 4042,
impressed through the rheostat 58!8 and from
the brush thereof through resistance 5819 and
through the primary winding of transformer
3817, and by potential from the 40¢2 bus bar ap-
plied from the brake horsepower variac RBV7T,
over conductor 5821, through the winding of
rheostat 5822 and from the hrush thereof through
resistance 5823 and the primary winding of trans-
former 5817. This latter potential increases as
the brake-horsepower output of the engine in-
creases thereby increasing the engine noise. The
filaments of all of the tubes of both sound effects
circuits are energized by 6.3-volt current ob-
tained from the secondary winding of filament
current transformer 5820.

With relay 5821 normally deenergized, the sec-
ondary winding of input transformer 5802 is
short-circuited and no incoming signal from the
sound effects generator 4723 is impressed upon
the input circuit of tube 5803. As the generator
4723 rctates slowly while the starting of the right
engine by the inertia starter is heing simulated
the pulses generated thereby are amplified znd
sounds are preduced by the lcud-speakers in
simmulation of the sound of firing explosions of
an engine while it is being started.

With ON relay 4009 of the R. P. M. motor con-
trol circuit operated a circuit is also estabiished
from ground over the inner upper front contact
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of RF relay 3519 at the flicht engineer’s fuel
trunk panel, over conductor 3525, over the lower
No. 3 contacts of relay 4009, conductor 4015 and
through the winding of RPS relay 3525 to bat-
tery. Relay 3526 thereupon operates establish-
ing an obvious circuit for RFS{ relay 3527 which
thereupon locks over its inner upper contacts to
ground on the back confact of RFS2 relay 3528.
Relay 3521 upon operating connects ground over
its inner lower contacts and conductor 3528
through the winding of start relay 5150 of the
right engine fuel pressure circuit of Fig. 57. Re-
lay 5750 thereupon operates and connects 57-volt,
60-cycle alternating eurrent from the upper or
phase ¢! portion of the secondary winding of
power transformer 5701, over the back contact
of DFP relay 57102, over the upper contacts of
relay 5750, the back contact of UL relay 5703,
through resistance 5704 and the rotor winding of
motor 5785 to ground. The stator winding 5706
of this motor is energized in a circuit extending
therethrough and through the lower or phase o2
portion of the secondary winding of transformer
57101, whereupon the motor is started and
through the reduction gear box 5707 drive shaft
5708 and the cams and the rotor of the trans-
mitting autosyn 5724 mounted thereon in a
counter-clockwise direction. As scon as the shaft
moves off normal the contacts of switch 5169
close thereby establishing an obvious circuit for
LL relay 5710.

The rotor winding of autosyn 5724 is energized
by 400-cycle current from the bus bars 480C and
409G and its stator. windings are connected over
conductors 5725 and 5726 of cable 5727 with the
stator windings of the receiving autosyn 2332,
which drives the right unit of the dual fuel pres-
sure indicator 2333 at the instructor’s desk the
rotor winding of which autosyn is energized from
the bus bars 400C and 400G, and over a branch
of cable 57127 over the upper Nos. 5 and 6 con-
tacts of relay 3211 and conductors of cable 3217
with the stator windings of receiving autosyn
2846 which drives the right unit of the dual fuel
pressure indicator 2811 on the flight engineer’s
instrument panel. The rotor winding of the lat-
ter autosyn is energized from the bus bars 480C
and 400G. The indicators 2333 and 28i1 now
indicate the pressure of the fuel supply to the
right engine which now rises to about 7 pounds.

Relay 5710 upon operating establishes a circuit
which may be traced from ground over the inner
upper contacts of ignition relays 5603 and 5804,
over conductor 5607, the contacts of the right
engine disabling key 2500R at the instructor’s
desk, over conductor 2501, the lower contacts of
relay 3527, conductor 3530, over the lower con-
tacts of relay 5718, conductor 5711, over the inner
lower contacts of FTR relay 5637, over the inner
upper contacts of PRRM relay 5622, over the
lower No. 2 contacts of STMI relay 5625, over
the upper back contact of EST2 relay 5636
through the winding of ST relay 5638 to battery.
Relay 5638 operates and locks over its upper con-
tacts, over the lower No. 2 contacts of relay 5635,
thence fo ground as traced over the contacts of
disabling key 2560R at the instructor’s desk and
establishes a circuit from ground over its lower
contacts and the lower No. 1 contacts of STMI
relay 5625, through the winding of EST2 relay
5636 to battery. Relay 5636 thereupon operates
opening at its upper back contact the initial
operating circuit of ST relay 5638, opening at its
lower back contact the circuit previously traced
for enabling the sound effects circuit of Fig. 58
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and establishes a circuit from ground over the
inner lower coutacts of ST relay 5638, over the
front contacts of EST2 relay 5636 through the
winding of ESTI relay 5628 to battery.

Relay 5628 upon operating locks over its lower
No. 1 contacts to ground over the inner lower
contacts of ST relay 5638, establishes bridges
around the upper No. 1 and 2 contacts of STM|
relay 5625 over its upper Nos. 2 and 3 contacts
for maintaining the continuity of the circuits
extending thereover following the subsequent re-
lease of relay 5625, and over its lower No. 2 con-
tacts establishes an obvious circuit for ESTA re-
lay 5638. Relay 5639 upon operating closes an
obvious circuit for EST relay 5616 which operates
and opens the circuit of STW relay 5615 which
may he traced over the cathode-anode path of
tube TT thereby releasing relay 5615 and ex-
tinguishing the tube. Relay 5615 upon releasing
in turn releases STMI relay 5625 which in turn
releases STM relay 5626 and EST2 relay 5636.
At its lower No. 3 contacts relay 5616 establishes
a circuit from ground over the lower contacts of
velays 5803 and 5604, over the lower No. 3 con-
tacts of relay 5616 and conductor 5800 for recon-
ditioning the sound effects circuit and over its
lower No. 1 contacts establishes a circuit from
ground, over conductor 5640 of cable 5600, over
the contacts of the right engine generator key
2202 at the instructor’s desk, Fig. 22, over con-
ductor 3137 of cable 3100 through the winding
of RSG relay 3138 at the right engineer’s power
panel. Relay 3138 thereupon operates for a pur-
pose to be presently described.

The ESTI{ relay 5628 upon operating modi-
fies the circuit previously traced for control-
ling the R. P. M. motor control circuit of Fig. 40
to increase the potential applied to control con-
ductor 4001 thereof. The modified control cir-
cuit may be traced from the bus bar 40¢1, over
the upper No. 2 contacts of ESTI relay 5628,
over conductor 5627, through the winding and
over the brush of the manifold pressure poten-
tiometer RMP4, over conductor 5i{ii, over the
upper No. 1 front contact of TESTI relay 5628,
over conductor 5629 and thence as traced to con-
trol conductor 40081. With the increase of po-~
tential thus resulting the motor of the R. P. M.
motor control circuit is again started and ad-
vances the potentiometer brushes carried by the
shaft 51081 further toward the No. 3 terminals
of their windings until the motor is arrested
when the brush of the balancing potentiometer
RRPI0 reaches a position to apply a potential
from bus bar 4092 to control conductor 4001
which balances the control potential of phase ¢f
applied to such conductor. Through the new
setting of the brush of potentiometer RRPS,
the tachometer motor 4701 is controlled to in-
crease the speed of the tachometer generator
RTG driven thereby so that the tachometer 1722
of the pilot’s panel, the tachometer 2522 at the
instructor’s desk and the tachometer 2815 at the
flight engineer’s instrument panel are driven to
indicate the simulated idling speed of the right
engine of approximately 650 revolutions per min-
ute.

The change in the speed of rotation of the
tachometer motor 4701 and the consequent in-
crease in speed of the sound effects generator
4723, with relay 5801 now reoperated, causes the
sound effects circuit to produce sounds by the
loud-speaker 5808 simulating the increased noise
due to the increased speed of the started en-
gine, the periodicity of the explosion noises pro-
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duced by the loud-speaker increasing as the
rotational speed of the engine increases and
the intensity increasing as the brake-horsepower
output of the engine inecreases.

When the shaft 410 of the R. P. M. motor
control circuit has been rotated to a position cor-
responding to an R. P. M. speed of approxi-
mately 400 R. P. M., the contacts 40{1 become
closed to establish a circuit from the 115-volt
supply 4812, over the contacts of switch 4011i
and conductor 40813 through the winding of the
variable autotransformer of “variac” RRV6 from
which power is derived for driving the right
vibrator motor RVM bolted to the right side of
the trainer mock-up {00. The shaft of this mo-
tor carries an eccentrically mounted weight
whereby the operation of the motor sets up a
vibration in the right portion of the mock-up
simulating the vibration due to the operation
of the right engine and the vibration due to
the right engine propeller. This vibration in-
creases in intensity as the right engine speed
increases.

Since the engine is now running at a higher
speed the fuel consumption will be greater and
therefore a new control circuit is established for
the right engine fuel flow motor control circuit
of Fig. 37. Potential of phase ¢! is now applied
from bus bar 40¢1, through the winding of the
manifold pressure potentiometer RMP3 and
through resistance 4805 from which a derived
potential is applied through the winding of
R. P. M. potentiometer RRP1. The potential de-
rived from this potentiometer is applied through
the winding of altimeter potentiometer API and
resistance 4806 to ground the resulting poten-
tial derived from the latter potentiometer is
applied over conductor 4837 through resistances
5651 and 5652 to ground. From this latter po-

tential divider a potential of phase ¢l is ap- i

plied over the inner upper back contact of LN
relay 5653, over the lower back contact of ICO
relay 5654, over conductor 5655, over the upper
front contact of relay 5110, conductor 5712 and
through resistance 4818 to control conductor 4803
of the fuel flow motor control circuif, Fig. 48.

The motor M31 of this circuit now positions
the shaft 3710 until the balancing potentiometer
RFFPI assumes a position in which the poten-
tial of phase ¢2 applied thereover through re-
sistance 4809 to the control conductor 4803 bal-
ances the potential of phase ¢l on conductor
4803. When this balance is reached the motor
M31 stops. The fuel flow indicators 2328 and
28056 at the instructor’s desk and on the flight
engineer’'s instrument panel will now indicate
the fuel flow commensurate with the operation
of the right engine at the idling speed of ap-
proximately 650 revolutions per minute. It will
be noted that this fuel flow is dependent upon
the manifold pressure, the R. P. M. and the
altitude, and may be expressed by the equation
as follows:

Fuel flow=7(MP) Xf(R. P. M.) X{(ALT)

The R. P. M. potentiometer RRPT has been set
as previously described for an engine speed of
650 R. P. M., the brush of the altimeter poten-
tiometer API will at this time be adjacent its
No. 1 winding terminal since the aircraft has not
left the water and will therefore interpose no
correction for the fuel flow measurement, and
the manifold pressure potentiometer RMP3 will
have been set to a position commensurate with
the manifold pressure of approximately ten
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inehes of mercury for the engine idling at theé
speed 650 revolutions per minute at sea level.

Following the operation of ESTI relay 5628 the
manifold pressure motor control circuit is op-
erated to adjust the potentiometers controlled
thereby to settings corresponding to a manifold
pressure of approximately ten inches. To ac-
complish this, potential of phase ¢i is applied
from bus bar 40¢! over conductor 3023, through
the winding of variac 36i8R tc ground and the
potential derived therefrom is applied over con-
ductor 3024, through the winding of altitude po-
tentiometer AP9 and through resistance 5209 to
ground. The potential derived from the lafter
potentiometer is applied over conductor 5210,
over the upper No. 1 contacts of ON relay 4608,
conductor 521, over the upper hack contact of
SHRI relay 5212 to the brush of the R. P. M.
potentiometer RRP3, over the left portion oi the
winding of this potentiometer and the upper
middle back contact of relay 52iZ, through re-
sistance 5214 to ground and over resistance
5215, the inner lower back contact of relay
5212, conductor 5216, through the right engine
manifold pressure rheostat 2330, conductor
2331, over the lower front contact of ESTI
reiay 5828 and to control conductor 5542 of the
manifold pressure motor control circuit of Fig.
41. The motor of this circuit is thereupon con-
irolled to rotate the shafts 4116 and 5201 to set
the potentiometers controlled thereby to posi-
tions commensurate with the reduced manifold
pressure resulting from the operation of the en-
gine at the idling speed of 650 revoluticns per
minute. The shaft 4110 also through the auto-
syn 4125 operated thereby causes the operation
of the manifold pressure indicator 2327 at the
instructor’s desk, the manifold pressure indi-
cator 2810 at the flight engineer’s instrument
panel and the manifold pressure indicator 1724
at the pilot’s panel.

It is to be noted that when the engine is run-
ning the manifold pressure varies with the alti-
tude, with the R. P. M. and with the throttle
opening and may be expressed by the equation

MP=f(ALT) Xj(R.P.M.) x throttle

and decreases as the altitude increases, increases
as the R. P. M. increases and increases as the
throttle opens. With the aircraft on the water
and the brush of the altimeter potentiometer
APS then near its No. 1 winding terminal, with
the brush of manifold pressure rheostat 2330 at
the instructor’s desk adjacent the No. 1 terminal
of.its winding and the throttle variac 3019R set
in the closed throtile position, the indicators 2327,
{724 and 2810 will indicate approximately ten
inches of manifold pressure.

The ESTA relay 5639 upon operating connects
control conductor 5650 extending to the R. P. M.
memory motor control circuit of Fig. 43, over
the upper No. 1 back contact of MAN relay 5610,
the upper front contact of ESTA relay 5639, over
conductor 5856 and thence through resistance
5109 to control conductor 4001 of the R. P. M.
motor control circuit of Fig. 40 whereby the
movement of the brush of the balancing poten-
tiometer RRPI8 of the R. P. M., circuit will ap-
ply potential of phase ¢2 from the bus har 40¢2
to bring the shafi 5161 to rest when it has as-
sumed a position commensurate with the idling
speed of 6850 revolutions per minute. The balanc-
ing potentiometer RRPI§ also applies balancing
potential to the control conductor 55508 of the
R. P. M. memory motor control circuit to also
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bring the shaft 54081 thereof to rest in a similar
position. '

The EST relay 5616 upon operating establishes
a circuit from bus bar 40¢( over its upper No. 1
contacts, to a point in the potential divider ex-
tending from ground through resistances 5637
and 5658, over the upper back contact of LN re-
lay 5653, over conductor 5659, through the wind-
ing of manifold pressure potentiometer RMPI
and resistance 5084 toc ground. A potential de-
termined by the position assumed by the brush
of potentiometer RMPI is applied over conduc-
tor 5005, over the middle back contact of SHR
relay 5213, through resistance 5211 over con-
ductor 5218 to the brush of the R. P. M. poten-
tiometer RRPI, and over the potential divider
extending from ground through the poten-
tiometer winding, over conductor 5013, over the
lower back contact of relay 5213, through resis-
tances 5219 and 5228 tc ground and, in parallel
with the latter potential divider, through resis-
tance 5006 to the control conductor 3307 of the
brake horse-power motor control circuit of Fig.
39. Potential is also aprlied from the junection
between the back contact of relay 5653 and re-
sistance 5657, over the inner upper front contact
of ESTA relay &689, over conductor 5668,
through resistance 5008, through the winding
of altimeter potentiometer AP2 to ground and
potential derived at the brush of this poten-
tiometer is applied through resistance 5089 to
the control conductor 5007.

The brake horse-power motor control circuit
is thereby controlled tc rotate the shaft 3818 and
through the unity ratio bevel gears 5080 to ro-
tate the shaft 5001 until the brush of.the balanc-
ing potentiometer RBPI0 reaches a position in
which the potential of phase ¢2 applied there-
over, through resistance 5816 to control con-
. ductor 5007 equals the potential of phase of ap-
plied to conductor 3007. When the state of
balance is reached the rotation of shaft 5001
ceases. Potential of phase ¢2 over the brush of
potentiometer RBP1§ is derived from the wind-
ing of the potentiometer which is energized in
a circuit from bus bar 4042 through resistance
5011, through the winding of such potentiometer
and through resistance 5812 tc ground. The
brake horse-power therefore varies in accordance
with the equation

BHP=I[{(MP) Xf(R.P. M.) X (mixture) 14
f(ALT) ——Fengine

where the function f(MP) is determined by the
potentiometer RMPI, the function f(R.P.M.) is
determined by the potentiometer RRP{, the mix-
ture function by the condition of LN relay 5653,
the function f(ALT) by the potentiometer AP2
and the function Feneine by the condition of the
supercharger relay SHR. When the R. P. M.
passes a certain value the resistance network
of the brake horse-power control circuit is so
designed that a further increase in R. P. M. as
indicated by the movement of the brush of po-
tentiometer RRP{ then causes a decrease in
brake horse-power as would be the case in an
actual aircraft.

As g result of the movement of the shaft 5101
by the R. P. M. motor control circuit of Fig. 40,
the potentiometer RRP2 is operated and poten-
tial is applied to the control circuit for the right
engine V/ND motor control circuit, Fig. 38. The
winding of variac TASVI controlled by shaft 5281
which in turn is rotated by the motor of the true
air speed motor control circuit of Fig. 7, is en~
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ergized by potential of phase ¢2 ffom the bug
bar 4092 and a potential of phase ¢2 derived
therefrom is applied from the brush of this variac
through resistance 4902, through the winding of
the R. P. M. potentiometer RRP2, through re-
sistance 4983 to ground and through resistance
4904 to control conductor 4905 extending to the
V/ND motor control circuit. This potential will
be negligible until the aireraft attains sufficient
speed to cause the movement of the brush of the
variac from the No. 2 terminal of its winding and
consequently the motor of the motor control cir-
cuit will move the shaft 3810 and through the
unity ratio bevel gears 4900 move the shaft 4901
to a very slight extent at this time. When the
shaft 4901 has rotated to a position in which
potential of phase ¢l derived from the winding
of balancing potentiometer RVPS, through resist-
ance 4807 to control conductor 4905 balances the
potential of phase ¢2 the motor of the V/ND
motor control circuit stops. Potential of phase
¢l is applied .to the winding of potentiometer
RVP8 from bus bar 40¢1 through resistance 4906.
The setting of the shaft 490 is in accordance
with the equation
v_ W
ND R.P. M.

The term V/ND means the velocity V divided by
the number N of revolutions per minute of the
propeller times the diameter D of the propeller.
The position of the shaft 4801 represents the
quotient of the true air speed by the R. P. M,
the R. P. M. as previously stated, being a func-
tion of the propeller pitch. Since the diameter
of the propeller is constant the V/ND term in-
creases directly with the true air speed as deter-
mined by the setting of variac TASV{ and in-
versely with the R. P. M. as determined by the
setting of potentiometer RRP2. There is no in-
strument showing the value of V/ND.

In response to the rotation of the V/ND shaft -
4801 and the consequent adjustment of the po-
tentiometer RVPT and, with MANI{ relay 5502
unoperated which is the condition when the pro-
peller governor is set for automatic operation as
previously assumed, potential of phase ¢1 is ap~
plied to control conductor 5504 for the propeller
pitch motor control circuit for the right engine,
Fig. 44. TFor this purpose potential is applied
from the bus bar 4041 through the winding of
potentiometer RVPT and potential derived there-
from is applied from the brush of this potenti-
ometer over the upper back contact of relay 5502,
through resistance 95503 to control conductor
5504. This potential will cause the operation of
the motor of the propeller pitch motor control
circuit of Fig. 44 to rotate the shaft 4410 and
through the unity ratio bevel gears 5500 to ro-
tate the shaft 5501 until the balancing potenti-
ometer RRP3 whose winding is energized by po-
tential of phase ¢2 from the bus bar 4092 applies
potential from its brush over the lower back con-
tact of relay 5502, through resistance 5505 to con-
ductor 5504 which balances the potential of phase
¢1 applied to such conductor. When this condi-
tion of balance occurs the motor of the propeller
pitch motor eontrol circuit stops. The propeller
pitch motor control circuit is thus controlled by
the setting V/ND potentiometer RVPT when the
propeller governor is set for automatic operation
and. the MANI{ relay 5502 is deenergized but is
controlled by the increase and decrease R. P. M.
keys {816 and 1817 on the pilot’s pedestal when
the. MAN{ relay 5502 is energized as will be later
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described. There is no instrument showing the
value of propeller pitch.

Right engine oil pressure indications

In response to the operation of the ON relay
4009 of the R. P. M. motor control circuit, Fig. 40,
a circuit is estahlished from ground over its lower
No. 2 contact, conductor 4015 to battery through
the winding of ST relay 5713 of the right engine
oil pressure circuit of Fig. 57. With relay 5713
operated and the EST relay 5616 also operated a
circuit is established over the lower No. 2 con-
tacts of relay 5618, over conductor 5651, over the
lower No. 2 contacts of relay 51i{3 to battery
through the winding of STI relay 57i4. Relay
5113 also establishes a circuit through the rotor
circuit of motor 5715, through resistance 5716,
over the back contact of L2 relay 5111, the lower
back contact of NP relay 5718, over the lower No.
4 contacts of relay 5713, over the back contact of
DOP relay 57¢8 and through the lower or phase
2 portion of the secondary winding of power
transformer 53151. At this time the field or stator
winding 5728 of motor 5745 is energized from the
upper or phase ¢l portion of the secondary wind-
ing of transformer 5781 and as a consequence the
motor 5715 operates and through the reduction
gear box 5721 rotates the shaft 5722, the cams
and the rotor of the transmitting autosyn 5123
mounted thereon, in a counterclockwise direc-
tion. .

The roter winding of autosyn 5723 is energized
by 400-cycle current from the bus bars 408C and
400G and its stator windings are coniecied over
conductors 5728 and 572§ of cable §727 with the
stator windings of the receiving autcosyn 2334
which drives the right unit of the dual oil pres-
sure indicator 22385 at the instructor’s desk. The
rofor winding of the receiving autosyn is ener-
gized from the bus bars 408C and 485G. The
stator windings of the transimitiing autesyn 5723
are also conneeted over a pranch of cable 5121,
over the lower Nos. 3 and 4 contacts of relay 3212
and conductors of cable $218 with the stator
windings of receiving autosyn 2847 which drives
the right unit of the duzl oil pressure indicator
2888 on the flight engineer’s instruient panel,
the rotor winding of this receiving autosyn being
energized from the bus bars 433C and 400G. The
indicators 2335 and 28%9 now indicate an oil
pressure for the right engine which in eight sec-
onds, with the engine starting cold, rises to ahout
200 pounds.

As soon ag the shaft 8722 leaves normal, the off-
normal contacts §13% close thereby preparing a
circuit for resioving the shait to its normal po-
sition. When the shaft is rofated to the position
commensurate to an oil pressure ¢f 200 pounds,
a, cireuit is established from battery through the
winding of L2 relay 5717, over the contacts of
switeh 573{ to ground over the lower No. 1 con-
tacts of ST relay 57i3. Relay 5717 upon operat-
ing locks over ifs lower contacts to ground over
the lower No. 1 contacts of relay 57i3 and at its
upper back contact opens the previcusiy traced
operating circuit for motfor §72i which now stops.

Conltrol of right engine cowl flaps

In the meantime upon the operation of STI
relay 6714 a circuit is established for controlling
the right engine cyiinder oil and teraperature
motor control circuit disclosed in the upper por-
ticn of Figs. 46 and 57. It will be assumed that
the engine cowl flaps are open at which tin:e the
brush of the cowl flaps potentiometer 5175 would
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be at the No. 1 end of potentiometer winding and
the limit switch 5732 would be open. To open
the cowl flaps the flight engineer has operated
the right engine cowl flaps control switch 3449 to
the right end, with RCF relay 3450 operated un-
der the control of the previously operated circuit
breaker 3451, a circuit is established from ground
on bus bar GB, over the lower contacts of relay
3450, over the right contact of switch 3443, con-
ductor 3452 and through the winding of OP relay
5133 to battery. Relay 5733 upon operating
closes a circuit from ground over its upper con-
tacts and conductor 5734 of cable 5700 through
the lamp 2224 to battery whereupon this lamp
lights to indicate at the instructor’s desk that the
cowl flaps on the right engine have been opened.
Relay 5733 over its lower contacts and the con-
tacts of limit switech 5732 establishes a shunt of
the right shaded pole winding 5735 of motor 5136
whereupon the motor is driven by its main stator
winding 5737 which is energized from the 115-
volt supply source, and through the reduction
gear box 5739 drives the shaft 5743 in a counter-
clockwise direction until the switch 57132 is
opened by the associated cam carried by shaft
5740 and the motor 5736 is thereupon stopped.

Had the flight engineer desired to close the
cowl flaps then he would have operated switch
3449 to the left and, with RCF relay 3450 oper-
ated through the prior closure of circuit breaker
3451, the operation of switch 3449 to the left
would have established a circuit from ground on
bus bar GB, over the lower contacts of relay 3450,
over the contacts of switch 3449, over conductor
3455, through the winding of CL relay 5141 to
battery. Relay 5T4{ upon operating closes a cir-
cuit from ground over its upper contacts and con-
ductor 5744 of cable 5700 through lamp 2225 to
battery, whereupon this lamp lights at the in-
structor’s desk to indicate that the cowl flaps on
the right engine have been closed. Relay 5741
over its lower contacts and the contacts of limit
switch 5743, establishes a shunt of the left shaded
pole winding 5742 of motor 5136 whereupon the
motor is operated to drive the shaft 5740 and the
brush of potentiometer 5715 in a clockwise di-
rection until the switch 5743 is opened.

Control of right engine cylinder oil and tempera-
ture motor control circuit

Upon the operation of STI relay 57t4 and with
the engine cowl flaps assumed to be open and the
brush of potentiometer 85715 adjacent its lower
or No. 1 winding terminal, a circuit is established
for applying potential of phase ¢2 from the 40-
volt phase ¢2 right secondary winding of power
transformer 4604, over conduztor 4605, over the
lower contacts of STI relay 5714, through the
winding of potentiometer 8715 and through re-
sistance 5145 to ground. Potential of phase ¢2
is derived over the brush of this potentiometer
from the potential divider extending from ground
through resistance 5745, over the lower portion of
the winding of potentiometer 57715 and the brush
thereof through resistances 5746 and 5166, over
conductor 5664, over the lower back contact of LN
relay 5853 and through resistance 5883 to ground,
is applied through resistance 5746 to the input of
dual amplifier tube 8741, is amplified thereby and
impressed upon the secondary windings of step-
up transformer 5748. The potential impressed
upon the upper divided secondary winding of
transformer 5748 is rectified by the dual diode
rectifier tube 5749 and is impressed as a positive
biasing potential of phase ¢2 upon the control
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grid of the gas-filled control tube 575%. The po-
tential impressed upon the lower secondary wind-
ing of transforimer 5748 is impressed as a positive
potential of phase ¢2 upon the control grid of
gas-filled tube 575f(. The dual diode rectifier
tube 5782 serves to rectify potential received from
the secondary winding of transformer 5738 and
to apply it through the grid potential adjusting
rheostats 5783 and 5154 to the control grids of
tubes 5780 and 5781 to bias them to points just
below their critical breakdown potentials.

Tubes 5741, 5748, 5750, 5751 and 5152 are sup-
piied with filament heating current from the sec-
ondary winding of transformer 5738. Anode po-
tential is applied to the anodes of amplifier tube
5747 from the battery B5T over chvious circuits.
Anocde potential of phase ¢2 is applied to the
anocde of tube 5750, over conductor 87154, through
the Ri anode relay 4688 in parallel with resist-
ance 4509, through resistance lamp 4610 and over
conductor 481{ through the lower phase ¢2 por-
tion of the secondary winding of transfoermer
5701, and ancde potential of phase ¢2 is applied
to the anode of tube 8751, over conductor 5753,
through the winding of the R2 anode relay 4812
in parallel with resistance 4813 and thence
through the lower phase ¢2 portion of the sec-
cndary winding of transformer 5781. With po-
tential of phase 2 applied to the input circuit
cf amplifier 5747 and anode potentials of phase
o2 applied to the ancdes of tubes §750 and 57151
through the windings of relays 4608 and 4§12,
both of these relays-operate. )

Relay 4588 upon cperating establishes a shunt
over its lower contacts and conductors 4614 and
4515 around resistance 85757 and relay 4509 es-
tablishes g shunt over its lower contacts and con-
ductors 4615 and 4816 around resistance 5758
for increasing the grid biases of tubes 5750 and
5151 to insure that relays 4608 and 4608 will be
held operated. With both relays 4508 and 4609
operated a circuit is also established from ground
over the upper front contacts of such relays, over
the limit switch contacts 4617 and through the

left shaded pole winding 4619 of motor 4621 4

thereby shunting such winding and, since the
main stator winding 4622 of the motor is ener-
gized from the 115-volt supply source, the motor
operates and through the reduction gear box
4625 votates the shaft 4524 in such a direction
as to rotate the brushes of potentiometers 4525
and 4626 and the krush of the halancing poten-
tiometer 4822 from the No. 1 terminals toward
the No. 2 terminals of their respective windings.

The balancing potentiometer 46829 is energized ;

from a source of current of phase ¢! connected
thereto over a circuit from ground through such
winding, through resistance 4836 and through the
phase ol left portion of the secondary winding
sf transformer 4504 and a potential of phase
ol derived therefrom is then applied from the
rotentiometer brush, over conductor 4631 and
through resistance 5788 to the inpub circuit of
the amplifier tube 5741, When this potential
balances the potential of phase ¢2 applied

through resistance 5743 tubes 5150 and 57151 cease '

tc conduct and relays 4808 and 4589 release and
open the circuit of motor 4624 which thereupon
comes to rest.

As a result of the movement of the brush of
the oil temnerature notentiometer 4828, the right
engine cil temperature indicators 2308 and 2818
at the instructor’s desk and on the flight en-~
gineer’s instrument pane! will be operated over

" the circuit ‘previously traced to indicate after
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about two minutes a rise in the oil temperature
to about 25° C. and also as the result of the
movement of the brush of the cylinder tempera-
ture potentiometer 4626, the right engine cylin~
der temperature indicators 2321 and 2839 at the
instructor’s desk and on the flisht engineer’s
instrument panel will be operated over the cir-
cuit previously traced to indicate after about two
minutes g rise in the cylinder temperature to
about 100° C. :

After the shaft 4624 has rotated for two min-
utes the cam operated contacts 4532 become
closed thereby completing a circuit from ground
over the upper contacts of STI relay 5114, over
conductor 5760, over the contacts 4632 and con-
ductor 5161 threugh the winding of T relay 57162
to battery. Relay 5762 thereupon operates, locks
to ground over its inner lower contacts and the
upper contacts of relay §714 and over its inner
upper contacts establishes a new operating cir-
cuit for motor 5715 which way be traced from
ground through the rotor circuit of such motor,
through resistance 5716, over the upper front
contact of L2 relay 5781, over the inner upper
contacts of relay 5762, the upper back contact
of NP relay 5718, over the upper back contact
IOP relay 5763 and through resistance 5764 to
the upper phase ¢! portion of the secondary
winding of transformer 5701, Motor 5715 is now
operated in the opposite. direction of rotation
and, due to the inclusion of resistance 5764 in the
rotor circuit, at a lower speed than formerly.
The rotor of transmitting autosyn 5723 is now
rotated in the opposite direction resulting .after
the elapse of about two minutes in the reduction
of the oil pressure indication given by the indi-
cators 2325 and 2809 at the instructor’s desk and
on the flight engineer’s instrument panel, from
200 pounds to 90 pounds.

At the expiration of the two-minute period the
cam carried by the shaft 5722 and associated
with the contacts 5785 operates such contacts
thereby closing a circuit from ground over the
lower contacts of relay 57162, over such cam-op-
erated contacts and to battery through the wind-
ing of NP relay 5718. Relay 5718 thereupon op-
erates, locks over its inner lower contacts to
ground at the lower No. 1 contacts of ST relay
5713 and at its upper back contact opens the rotor
eireuit of motor 5715 whereby the motor is
brought to rest.

It will be recalled that the flight engineer has
operated the start key 3441 to the mesh position
and has operated the primer key 3443, He will
hold these keys closed until the engine starts as
will be indicated hy the sound effects, the vibra-
tion effects, the change in the observed manifold
pressure of the indicator 2810 to 10 inches and
the change in the observed R. P. M. indication of
the tachometer 2815 to approximately 650 revo-
Iutions per minute,

During the starting of the right engine, the
voltmeter selector switch VMS, Fig. 31, has been
nogitioned on the RG terminal thereby resulting
in the operation of VRE relay 3144 and the
release of VAPP relay 2189. The release of relay
3109 opens the circuit of lamp 2212 at the in-
structor’s desk and the operation of relay 3134
establishes a circuit over conductor 3145 of cable
2100 to cause the lighting of lamp 2230 to indicate
that the voltmeter 2231 is tc be read in connec-
tion with the startingz of the right engine. With
relay 3138 previously operated, a circuit is estab-
lished from hattery through voltmeter VM on the
flight engineer’s power control panel, Fig. 31,
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over the upper contacts of relay 3144, over the
upper contacts of relay 3138, over the upper back
contact of relay 3140 to ground over the upper
inner contacts of relay 3138 and in parallel
therewith over conductors 3148 and 3149 of cable
3100 through the voltmeter 2231 at the instruc-
tor’s desk resulting in the operation of voltmeters
VM and 223! to read 27 volts as the potential
being applied to the inertia starter motor for
starting the right engine.

Following the restoration of the start key 3441
and the primer key 3443, the flight engineer
operates the right engine generator switch 3139.
With switch 3139 operated, an obvious circuit is
established for RES relay 3140 which establishes
a circuit from ground over its inner lower con-
tacts and conductor 3141 of cable 3100 to battery
through the right engine generator lamp 2226 at
the instructor’s desk which lamp lights to indi-
cate that the flight engineer is making a check
on the right engine generator. With relay 3138
operated, a circuit is now established from
ground on bus bar GB, over the inner upper con-
tacts of relay 3140, through the right engine
generator ammeter 3142, over the inner lower
contacts of REG relay 3138, over conductor 3143
of cable 3100 through the right engine generator
ammeter 2227 at the instructor’s desk and thence
‘through resistances 2228 and 2219 and rheostat
2220 to bhattery. The ammeters 3142 and 2221
now indicate the current output of the right
engine generator which should be 40 amperes.

Relay 3140 at its upper back contact now
removes the shunt from resistance 3150 where-
upon a circuit is established from battery
through the voltmeter VM, over the upper con-
tacts of relay 3144, the upper contacts of relay
3138, through resistance 3150 and over the upper
contacts of relay 3148 to ground on bus bar GB,
and in parallel with voltmeter VM over con-
ductors 3148 and 3149 of cable 3100 through the
voltmeter 223! at the instructor’s desk resulting
in the operation of these voltmeters to read 24
volts indicating that the operation of the starter
motor has reduced the storage battery voltage.

Starting the left engine

The flight engineer now simulates the starting
of the left engine by first operating the start key
3456 first to the left or start position, holding it
there about 12 seconds and then operating it to
the right or mesh position simultaneously with
the operation of the primer key 34571. The
engine control circuit indicated by the box in Fig.
45 now functions in the manner previously de-
scribed in connection with the engine control cir-
cuit of Fig. 56. The simulated starting of the
left engine has caused the rotation of the shafts
3760 and 4851 driven by the fuel flow motor con-
trol circuit for the left engine, the rotation of
the shafts 3960 and 50851 driven by the brake
horse-power motor control circuit for the left
engine, the rotation of the shafts 4060 and 5151
driven by the R. P. M. motor control circuit for
the left engine, the rotation of the shafts 4180
and 5251 driven by the manifold pressure motor
control circuit for the left engine, the rotation of
the shafts 4360 and 545( driven by the R. P. M.
memory motor control circuit for the left engine,
the rotation of the shafts 3860 and 4951 driven by
the V/ND motor control circuit for the left
engine and the rotation of shafts 4460 and 5551
driven by the propeller pitch motor control cir-
cuit for the left engine in the manner previously
described in connection with similar circuits for
simulating the functioning of the right engine.
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The operation of the shafts 4060 and 5181 of
the R. P. M. motor control circuit has also
resulted in the operation of the motor 4158f of the
tachometer motor control circuit for the left
engine, the operation of the tachometer gener-
ator LTG driven thereby and the operation of the
sound effects generator 47713 resulting in the
operation of the leff engine tachometers at the
flight engineer’s, pilot’s and instructor’s stations
as previously described to indicate the rotational
speed of the left engine and in the operation of
the vibrator motor LVM located in the left por-
tion of the trainer mock-up to simulate the
vibrations set up due to the operation of the left
engine. The operation of the sound effects gen-
erator 47713 is instrumental in controlling the
sound effects circuit indicated by the box in the
lower portion of Fig. 58 to simulate the sounds
incident to the operation of the left engine.

In response to the starting of the left engine,
the left unit of the manifold pressure indicator
2810, the left engine fuel flow indicator 2805, the
left engine tachometer 2814, the left unit of the
oil pressure indicator 2808, the left unit of the
fuel pressure indicator 2811, the left engine oil
temperature indicator 2817 and the left unit of
the cylinder temperature indicator 2839 on the
flicht engineer’s instrument panel are operated.
Also, the left unit of the manifold pressure indi-
cator 2327, the left unit of the fuel flow indi-
cator 2329, the left engine tachometer 2523, the
left unit of the -oil pressure indicator 2335, the
left unit of the fuel pressure indicator 2333, the
left engine oil temperature indicator 2312 and
the left unit of the cylinder temperature indi-
cator 2321 at the instructor’s desk are operated.
Also, the left engine tachometer -1723 and the left
unit of the manifold pressure indicator 1724 on
the pilot’s panel are operated. The operations
of these instruments give the flight engineer, the
instructor and the pilots information concerning
the starting and operation of the left engine.

In addition, starter on lamp 2232, starter mesh
lamp 2233, primer lamp 2234 and either the cowl
flaps open lamp 2235 or cowl flaps closed lamp
2236 at the instructor’s desk and relating to the
left engine are lighted to indicate the perform-
ance of acts necessary to the starting of the left
engine. To determine the ammeter and volt-
meter readings in connection with the starting
and operation of the left engine, the voltmeter
selector switch VMS of Fig. 31 is moved to the
.G terminal and the left engine generator switch
3151 at the flight engineer’s power panel is op-
erated resulting in the operation of VLE relay
3152, the operation of LES relay 3153, the estab-
lishment of circuits for the voltmeter VM on the
flicht engineer’s power panel and voltmeter 2231
at the instructor’s desk, the establishment of cir-
cuits for the left engine ammeter 3154 at the
flight engineer’s panel and the left engine am-
meter 2237 at the instructor’s desk and the light-
ing of the left generator switch position lamp
2238 and left generator voltmeter selection lamp
2239 at the instructor’s desk. This apparatus is
controlled in the manner fully described in con-
nection with the operation of similar apparatus
for indicating the steps in starting the right
engine.

Upon the starting of the left engine, potential
of phase ¢l is connected to the control conductor
5302 of the brake mean effective pressure motor
control circuit of Flig. 42. For this purpose po-
tential of phase ¢l is applied from bus bar 40¢t
to the winding of variac LBP8, the brush of which
is mounted on the shaft 5051 rotated by the motor
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of the brake horse-power motor control circuit
for the left engine and from which brush poten~
tial is applied over the brush and through the
winding of potentiometer LRP8 through resist-
ance 5304 and thence through resistance 5303 to
ground and in parallel with resistance 5303
through resistance 5305 to control conductor 5302.
The application of potential teo conductor 5302
causes the motor of the brake mean effective
pressure circuit of Fig. 42 to rotate shaft 4219 and
through the unity ratio bevel gears 5300 to rotate
shaft 5301 until the balancing potentiometers
BMEPPG6 and BMEPPT attain settings in which
potential of phase 2 applied therethrough to
conductor 5302 balances the potential of phase
¢l applied to conductor 5302. Potential of phase
2 is applied from bus bar 40¢2 through resist-
ance 5306 and through the winding of poten-
tiometer BMEPP6 and resistance 5310 to ground
and in parallel through resistance 5307 to ground
and the potential derived at the brush of this
potentiometer is applied through resistance 5368
to conductor 5382 but is further attenuated
through the potentiometer BMEPPT and resist-
ance 5303 to ground. When the potential of
phase ¢2 applied balances the potential of phase
¢l applied to conductor 5302 the motor of the
control circuit arrests the further rotation of
shafts 4210 and 5301.

It is to be noted that the position which the
shafts 4210 and 5301 assume is a function of the
brake horse-power and the R. P. M. The brake
mean effective pressure is decreased as the
R. P. M. is increased and the brake horse-power
maintained constant. The shaft 4210 drives the
rotor of the transmitting autosyn 4225 the rotoxr
winding of which is energized from the 400C and
408G bus bhars. The stator windings of the auto-
syn are connected over conductors of cable £228
with the stator windings of the receiving autosyn
2336 which drives the BMEP indicator 2337 at
the instructor’s desk and over a branch of cable
4226, over the lower Nos. 4, 5 and 6 contacts of
relay 3212 and over the conductors of cable 3219
‘with the stator winding of receiving autosyn
2848 which drives the BMEP indicator 2804 cn
the flight engineer’s panel. Rotors of autosyns
2336 and 2848 are energized from the 400C and
460G bus bars. The BMEP indicators 2337 and
28084 indicate the efficiency of operation of the
left engine. No similar instruments are provided
for indicating the efficiency of the right engine.

With both engines now functioning the thrust
horse-power motor control circuit of Fig. 42 is
operated to cause the rotation of shaft 4268 and
through the unity ratic bevel gears 5350 to cause
a rotation of shaft §35t to a degree commensur-
ate with the aggregate thrust horse-power of the
two propellers driven by the engines. 'To control
the thrust horse-power motor control circuit a
-potential of phase ¢! is applied to control con-
ductor §352 under the control of the brake horse-
poewer variac RBVT and the V/ND potentiometer
RVPE for the right engine and a potential of
phase ¢! is applied to conductor 5352 under the
control of the brake horse-power variac LBVI
and the V/ND potentiometer LVP8 for the left
engine. To accomplish this, potential from bus
bar 40¢1 is applied through the winding of variac
RBVT and the potential derived therefrom
through the setting of its brush is apvlied through
resistance 5353 and through resistance 5334 to
conductor 5352 and in paralle] with resistance
5353 through the winding of potentiometer RVPS
-shunted by resistance 5355 to ground. Similarly,
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potential from bus bar 40¢1 is applied through
the winding of variac LBVT and the potential de-
rived thersfrom through the setting of ifs brush
is applied through resistance 53456 and resistance
5857 to conductor 5352 and in parallel with re-
sistance 5358 through the winding of potentiom-
eter LVP6 shunted by resistance '8358 to ground.
Thus with both propellers functioning on auto-
matic operation the thrust horse-power developed
by the two propellers may ke expressed by the fol-
iowing equation

THP:[BHPX f(%)]LE+[BHP>< f(ﬁ%)]u

As soon as the motor of the thrust horse-power
motor control circuit has rotated shafts 4260 and
33581 to a positicn in which the potential of phase
p2 derived from the winding of the balancing
potentiometer TPS and applied through resist-
ance 5339 to conductor 5852 equals the combined
potentials of phase i previcusly applied to con-
ductor 5352, the motor of the thrust horse-power
circuit stops and the further rotation of shafts
42830 and 535¢ is arrested. The rotation of shaft
4260 through the gears 2760, shaft 2761, gears
2402, shaft 24553 and gears 712 has also rotated
shaft 7i8 to an amount commensurate with the
rotation of shait 4269 and the combined thrust
horse-power of the two rropellers.

Prepardtz'on by the pilot for take-off

Preparatory to taking off the pilot checks to
see that the suction indicator 1727 on his instru-
ment panel, Fig. 17, reads seven pounds. This
indicator and a similar indicator 2525 at the
instructor’s desk are driven by the receiving auto-
syns {728 and 252% whose rotor windings are
energized from the 486C and 438G bus bars and
whose stator windings are connected over the
conductors of cable 2527 with the stator windings
of the transmitting autosyn 3625 driven by the
motor 3628 of the suction motor circuit of Fig. 36.
The motor 3626 is of the shaded pole type. Its
main stator winding 3627 is energized from the
115-volt, 60~cycle current supply of the trainer.
When the main right engine is started a shunt
is established around the left shaded pole wind-
ing 3628, over the upper back contact of LS relay
3629, over the normal contacts of limit switch
3639, over conductor 3631 and the lower No. 3
front contacts of ST relay 5113 of the oil pressure
circuit for the right engine, Fig. 57, and thence
to ground. Motor 3625 now operates and through
the reduction gear box 3632 drives the shaft 3633
and the limit switch operating cam and rotor of
autosyn 3625 mounted thereon. When the shaft
2633 has rotated to an extent sufficient to cause
the autosyn 362& to drive the receiving autosyns
1728 and 252¢ to set the suction indicators 1727
and 2528 to indicate a suction of 7 pounds, the
switch 3838 is moved to its alternate position,
opening the shunt of the shaded pole winding
3628 to stop the motor and closing the circuit of
relay 3629 which operates, locks over its lower
contacts to ground on conductor 3631 and at its
upper contacts further opens the shunt of shaded
pole winding 3628. If the indicators 17271 and
2525 indicate a suction of 7 pounds the pilot
knows that there is sufficient suction to operate
such instruments on his instrument panel as
would in an actual aircraft require air suction
for their operation.

With the propeller governor controls of the
overhead equipment set in their MAX—R. P. M.
positions in which the brushes of rheostats 3012
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and 3013 of Fig. 30 are moved to the lower termi-
nals of their windings, the two throttles are moved
together to move the brushes of the throttle rheo-
stats, Pig. 30, toward their upper or open posi-
tions. In response to this movement of the throt-
tles the manifold pressure motor control circuits
of Fig. 41 are controlled to rotate the shafts 5201
and 5251 to new positions thereby readjusting the
potentiometers RMP4 and LMP4 to control the
R. P. M. motor control circuits of Fig. 40 to rotate
the shafts 5i6f and 5151 to new positions. With
the readjusiment of the potentiometers RRPS
and LRP5 the tachometer motor control circuits
of Fig. 47 are operated to increase the speed of
the tachometer generators RTG and LTG result-
ing in the tachometers on the pilot’s, flight engi-
neer’s and instructor’s desk instrument panels
indicating an increase of engine speed. The
throtties are thus operated until engine speeds
of 1800 revolutions per minute are indicated.

To determine if both of the magnetos associ-
ated with the right engine are functioning, the
pilot first turns the right engine ignition key 20186,
Fig. 30, to the position in which ground is removed
from the R terminal, but remains connected to
the L terminal. This causes the shunting down
of the IGL relay 5664 of Fig. 56, resulting in the
removal of resistances 5832 and 5633 from the
potential divider including resistances 5632, 5633
and 5634, connected into the previously traced
control circuit for the right engine R. P. M. motor
control circuit of Fig. 40, resulting in a readjust-
ment of the potentiometers controiled thereby
whereby the right engine tachometer generator
RTG is slowed down to cause the tachometers to
indicate a right engine speed of 1800 or 1850 revo-
lutions per minute. The right engine ignition key
is now turned to the position in which ground is
removed from the L terminal but is connected to
the R terminal. This causes the shunting down
of the IGR relay 5583 of Fig. 56 resulting in the
removal of resistance 5632 from the potential
divider including resistances 5632, 5633 and 5634
connected into the control circuit for the right
engine R. P. M. motor control circuit. No change
in the indicated R. P. M. wili be noted if both
magnetos are functioning. The ignition key is
then moved to the both position in which the IGR
and IGL relays 5603 and 5604 are both operated
resulting in the return of the R. P. M. indicators
to read 1900 R. P. M. These operations are then
repeated with the left engine ignition key 3018.

In the pilot’s pedestal, Fig. 18, the wing flaps
key 1820 is moved to the down position where~
-upon shunting ground from conductor 3302 con-
nected over the lower contacts of WF relay 1804,
over the contacts of key 1820, conductor (821,
over the normal contacts of limit switch 764,
over the left back contact of relay 765, is con-
nected to the left shaded pole winding 166 of
motor 768. The main stator winding 767 of this
motor is energized from the 115-volt, 60-cycle
supply source of the trainer and with the left
shaded pole winding shunted, the mctor 768
through the reduction gear box 168 drives the
shaft 760 in a clockwise direction. The rotation
of shaft 768 through the unity ratio bevel gears
162 has also rotated the shaft 763 to move the
Lrushes of the potentiometers WFP6 to WFPII,
inclusive, controlled thereby toward the No. 3
terminals of their windings.

The pilot holds the key i820 in its down posi-
tion until the wing flaps indicator 1525 on the
copilot’s instrument panel indicates a wing flap
deflection of about 20 degrees when he will open
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the key thereby removing the shunting ground
from conductor 1821 to stop the wing flaps motor
163. The indicator {525 is controlled by a mag-
nesyn receiver 1527, the junction points between
the stator windings of which are connected over
contacts of the previously operated relay 1524
and conductors 1528, 1529 and (530 with the
junction points of the continuous winding of
potentiometer WFP6 driven by shaft 760 of the
wing flaps motor control circuit. The diamefri-
cally positioned brushes of this potentiometer are
connected to battery and ground respectively.

Branches of conductors 1528, 1528 and (530
are also connected to the junction points between
the winding of the magnesyn receiver 1910, the
rotor of which is connected to the wing flaps
position indicator 1911 mounted on the instruc-
tor’s instrument panel, Pig. 19, whereby the in-
dicator 1911 is also controlled by the potenti-
ometer WFP6 to indicate the position into which
the pilot has set the wing flaps preparatory to
the take-off.

The pilot now gradually moves both throttles
of the overhead equipment forward whereby the
brushes of variacs 3019R and 3019L included in
the control circuits of Fig. 52 of the manifold
pressure motor control circuits, Fig. 41, previously
traced, are moved towards their upper or open
throttle positions. As a result the shafts 4110,
520f and 4160, 5251 of the manifold pressure
motor units assume new positions resulting in
the readjustment of the RMP4 and LMP4 po-
tentiometers included in the control circuits of
the R. P. M. motor control circuits of Fig. 40.
The shafts 5181 and 5151 of the R. P. M. motor
units now assume new positions resulting in the
readjustment of the potentiometers controlled
thereby including the potentiometers RRP5 and
LRP5. The readjustment of the latter potenti-
ometers results in an increase in speed of the
tachometer generators RTG and LTG. The
movement of the shafts 4110 and 4160 operates
the transmitting autosyns driven thereby where-
by the manifold pressure indicators 1724, 2327
and 2810 on the pilot’s panel, Fig. 17, at the in-
structor’s desk, Fig. 23, and on the flisht engi-
neer’s instrument panel, Fig. 28, are driven by
their associated autosyn receivers to indicate an
increase of manifold pressure for each engine to
about 44 inches of mercury.

The propeller governor controls of the over-
head equipment are now adjusted thereby ad-
justing the associated rheostats 3012 and 3013,
Fig. 39, included in the previously traced control
circuits for the R. P. M. motor control circuits
until the two engines are running at substantially
the same speed of 2650 R. P. M. as will be indi-
cated by the similar readings of the right and
left engine tachometers (722 and {723 at the
pilot’s instrument panel. The right and left
engine tachometers 2522 and 2523 at the instrue-
tor’s desk and the right and left engine tacho-
meters 28i5 and 2814 on the flight engineer’s
instrument panel will read similarly. The as-
sociated synchroscopes 1726, 2524 and 2816 will
revolve as little as possible when the engines
are substantially synchronized.

As the R. P. M. motor control circuits set the
shafts 4010 and 4060 in the new positions com-
mensurate with the increased engine speeds, the
sound effects circuits are controlled to produce
the increased noise of the engines, the speeds of
the vibrator motors are increased, and new posi-
tions are given to the fuel flow shafts 4801 and
4851, to the V/ND shafts 4901 and 4951, to the
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brake horse-power shafts 5001, and 505(, to the
R. P. M. memory shafts 540f and 5451, to the
propeller pitch shafts 5561 and 5551, to the brake
mean effective pressure shaft 530{ and to the
thrust horse-power shafts 535f{ and 719 in the
manner previously described.

The pilot now pulls the yoke 1411 towards him
nearly-as far as it will move since this is neces-
sary in an‘actual aircraft to cause the nose of
the aircraft to lift in order to assist it to rise up
on the step. Until it is riding on the step the
water drag would hold the air speed down too low
for the aircraft to become air borne. Moving
the yoke back rotates the shafts (414 and 305
and thereby moves the brush of yoke potenti-
ometer YP2 toward the junction point 61 of
its winding. The pilot may if he wishes attain
the same result by turning the elevator trim
wheel ET thereby adjusting rheostat ETR which

~controls the elevator irimming motor control -

circuit 1600 of Fig. 16 to operate the elevator
trimming mechanism 1517 in the manner fully
described in the Bohman el al. Patent 2,519,233.
The trimming mechanism 1517 in turn will cause

the yokes 1411 and 1511 to move toward the :

pilots’ seats.

The trainer is now simulating an aircraft mov-
ing over the water at an indicated air speed of
approximately 30 knots as will be indicated by the

indicated air speed indicators 1431 and 1531 on 3¢

the pilot’s-and copilot’s instrument panels. A
similar air speed indicator 1931 at the instructor’s
desk and a similar air speed indicator 2781 at the
navigator’s station, Fig. 27, will also be operated
to indicate an air speed of 30 knots.
cators-are driven by associated autosyn receivers
1432, 1532, 1932 and 2732, the rotor windings of
autosyns 1432 and 1532 being energized by 400-
cycle current from the bus bars 400C and 400G
over the inner back contacts of relay 1430 and
the rotor winding of autosyn 1932 being energized
from bus bars 400C and 400G. The rotor wind-
ing of ‘autosyn 2732 is energized in parallel with
the rotor winding of autosyns {432 and 1532, over
conductors 1428 and 1429 and conductors 2752
and 2753 of cable 2750. The receiving autosyns
are driven by the transmitting autosyn 1225, the
rotor winding of which is energized from the 400C
and 400G bus bars and the stator windings of
which are connected with the stator windings of
the receiving autosyns 1432, 1532 and 2732 over
conductors 1226 and 1227 and over the back con-
tacts ‘of relay 1430 and are connected with the
stator windings of the receiving autosyn 1932 over
branches of conductors 1226 and (221,

Until the simulated speed of take-off exceeds
30 knots the switch {212 of the indicated air speed
motor control circuit of Fig. 12 is maintained
closed thereby establishing a eircuit from ground

* thereover, over conductor 1213 and through the
winding of the H (hump) relay 602 to battery,
which relay upon operating causes the operation
of Hf relay 603. With the simulated aircraft on
the water the potentiometer brushes driven by the
altimeter motor control circuit will be adjacent
the No. 1 terminals of their windings, the limit
switch 1263 will be operated to its alternate posi-
tion and when the altimeters register zero alti-
tude, the switch 1268 will be in its alternate posi-
tion, and therefore relay 1241 will be operated
over a circuit extending from ground over the
alternate contacts of switches 1263 and (268,
through the winding ¥ relay 1241, which operates,
in turn closing a circuit from ground over its
. outer right front contact, conductor (2(5 and
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through the winding of FI relay §52 associated
with the rate of cimb circuit, Fig. 5.

With relays 602 and 1241 both operated, poten-
tial is applied to the control conductor 1216 which
approximates the effective thrust during the sim-
ulated take-off run. This potential is applied
from the bus bar 40¢1, over the left front contact
of BHP—ON relay 3962 of Fig. 39 which operated
when the lower limit switch 3963 closed its right
contact when the shaft 3860 was moved from its
normal position by the operation of the left engine
BHP motor control circuit, Fig. 39, over the left
front contact of BHP—ON relay 3912 which op-
erated when the lower limit switch 3913 closed its
right contact when the shaft 3910 was moved
from its normal position by the operation of the
right engine BHP motor control circuit, thence
over conductor 3914 and through the winding of
the thrust horse-power potentiometer TPT to
ground. From the brush of this potentiometer
a potential is derived which is applied over con-
ductor 604, over the left No. 2 front contact of
I relay 1241, over conductor (211, through the
weight potentiometer WP4, over the upper No. 1
front contact of H relay 602 to the junction point
611 on the yoke potentiometer YP2, thence over
the left or 14 per cent portion of the potentiom-
eter winding and through resistance 605 to ground
and in parailel through the remaining 86 per cent
of the potentiometer winding and through resist-
ance 606 to ground. The brush of this poten-
tiometer derives a potential which is applied
through resistance 607, resistance 608 and over
the lower No. 1 contacts of H relay 602 to ground,
and in parallel with resistance 608, through re-
sistance 610 to control conductor 12168. It is to
be noted that this potential is made dependent
upon the weight potentiometer WP4, upon the
thrust horse-power output of the two propellers
as indicated by the thrust horse-power potentiom-
eter TPT and upon the position of the yokes 1411
and {511 which determine the setting of the brush
of yoke potentiometer YP2.

The weight potentiometer WP4 has been ad-
justed by the shaft TIT through the unity ratio
bevel gears Ti8 from the shaft 1360 driven by the
motor of the weight motor control circuit, Fig, 13,
which cireuit is controlled over control conductor
1362, through resistance 1363, conductor 1364 to
the brush of the weight rheostat WCR at the
instructor’s desk which it will be recalled has been
set for an assumed weight of the aircraft of 45,000
pounds. For applying potential over the circuit
just traced, the winding of rheostat WCR is ener-
gized over a circuit from ground through the
potentiometer winding in parallel with resistance
1912, through resistance 1913 to the 4001 bus bar
whereby potential of phase ¢l is applied to the
control conductor 1362. When the shaft 711 has
positioned the brushes of the potentiometers asso-
ciated therewith in a rotational position corre-
sponding to the assumed weight of 45,000 pounds,
the brush of balancing potentiometer WP3 will
apply potential of phase ¢2 through resistance
120 to control conductor 1362 whereupon the
motor of the weight motor control circuit will stop
the rotation of shaft 711. Potential of phase ¢2
impressed upon the brush of potentiometer WP3
is derived from the winding of such potentiometer
which is energized over a circuit from ground
through its winding in parallel with resistance
121 to the 4092 bus bar.

The thrust horse-power potentiometer TP1 has
been adjusted as previously described by the
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movement of shaft T19 in accordance with the
thrust horse-power developed by both propellers.

As the shaft 601 is rotated by the motor Mi2
of the indicated air speed motor control circuit
to a degree commensurate with the simulated in-
stant speed at which the aircraft is moving in
the water, a potential of phase ¢2 is applied to
the control conductor 1246 under the control of
the variacs IASVI and IASV2 in an attempt to
balance the potential of phase ¢l which has been
applied under the control of the yoke potentiom-
eter YP2. As the condition of balance is ap-
proached the motor M{2 slows down. To attain
the condition of balance potential of phase ¢2 is
applied from bus bar 40¢2 through the winding
of variac IASV{, a potential derived therefrom is
applied across the winding of variac IASV2 and
the potential derived at the brush of the latter
variac is applied over conductor 613, through the

winding of potentiometer AAPI, over the brush of :

potentiometer AAP2 which is at this time at the
No. 1 terminal of its windings through resistance
616 to control conductor {218. Potential of phase
¢2 is also derived from the variacs and applied
over conductor 613,
through the winding of wing flaps potentiometer
WEFP8, over the brush of such potentiometer and
resistance 615 to control conductor 1216. Sincethe
F relay (214 is at this time operated, no ground

potential is applied to the No. 1 terminals of -

potentiometers AAPI, AAP2 and WFP$§ and since
the brushes thereof are at the No. 1 ends of their
windings, these potentiometers have no potenti-
ometer action at this time but serve only to in-
troduce resistance into the balancing circuits just

through resistance 614, -

]

traced. Therefore the brushes of the indicated ’

air speed variacs serve to control the increase of
the phase ¢2 balancing potential.
As soon as a simulated speed of substantially

28 knots is reached, at which speed an aircraft .

should be riding on the step, the cam operated
contacts 1212 will open thereby releasing the H
relay 602 and the Hi relay 603. With H relay
602 now released the circuit previously traced

from the brush of the weight potentiometer WP4,

over which potential of phase ¢i was applied to
control circuit 1216 of the indicated air speed mo-
tor control circuit, is transferred over the upper
No. 1 back contact of relay 602 to the junction
point 612 of the yoke potentiometer YP2 and
thence as traced through 44 per cent of the wind-
ing of this potentiometer and resistance 605 to
-ground-and in parallel through 56 per cent of the
winding and resistance 806 to ground. The brush
of this potentiometer is. now connected through
both resistances 888 and 609 to ground and also
through resistance 610 to control conductor 1216.
With relay 602 released the shunt of resistance
609 is removed so that now the leak resistance
from the brush of potentiometer YP2 is increased
and consequently the potential of phase ¢f ap-
plied from the brush through resistance 60 to
control conductor {216 is maintained at substan-
tially the value it was prior to the release of re-
lay 602 and the transfer of the input potential
from the junetion point 611 to the junction point
612 on the winding of potentiometer YP2.

The pilot now pushes the yoke 14i{ away from
him gradually or causes the yoke to so move by
the adjustment of the elevator trim wheel ET
whereupon the brush of potentiometer YP2 moves
slowly from the junction point 611 toward the
junction point 612 and the potential of phase of
applied-to the control conductor 1216 is gradu-

- ally increased. The motor Mi2 of the indicated

85

70
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air speed motor control circuit will thereupon
again rotate the shafts 1210 and 601 until the air
speed indicators 143t and 1531 on the pilot’s and
copilot’s instrument panels indicate an air speed
of 85 knots or more. Similar instruments 1731
and 1931 on the navigator’s and instructor’s in-
strument panels will" similarly indicate an air
speed of 85 knots or more.

In response to the movement of the indicated
air speed shaft 601, the brush of potentiometer
IASP4 is adjusted thereby to control the true air
speed motor control circuit of Fig. 7. This cir-
cuit is controlled by a potential representing the
solution of the indicated air speed and the alti-
tude and converts the indicated air speed to true
air speed: This is necessary since various equa-
tions relating to the operation and flight of an
aircraft are based upon true air speed rather than
upon indicated air speed. The true air speed be-~
comes greater than the indicated air speed with
an increase of altitude in conformity with the re-
duced atmospheric pressure. Although there are
no instruments-showing the ‘true air speed, the
potentiometers driven by the true air speed motor
control circuit serve to modify the potentials in-
troduced into other associated control circuits
such as the angle of attack, ball, bank, manifold
pressure, compass, brake horse-power, and the
flight -recorder control circuits. The true air
speed Vr may be expressed in terms of the indi-
cated air speed Vi when the altitude air density. is
pa and the sea level density is p0 by the- following

equation:
po_
VTV pO—VI

To control-the true air speed motor control cir-
cuit, potential of phase ¢! is appiied irom bus
bar 48¢! through resistance 723, through the
winding of the indicated air speed potentiometer
IASP# to ground and a potential derived there-
from is applied througn resistance 126 to con-
trol conductor 128 of -the true air speed motor
control circuit.. In response to this potential the
motor .of this circuit rotates the shaft 1{0 and,
through the unity ratio bevel gears 112, rotates
the shaft 713 until the brush of balancing poten-
tiometer TASPI0 is so positioned that poten-
tial' of phase @2 applied over its brush and
through. resistance 724 to control conductor 728
balances the potential of phase ¢l whereupon
the ‘rotation of shafts 710 and Ti3 is arrested.
The potential of phase ¢2 is made dependent on
the setting of the altitude potentiometer APT and
for this purpose potential from bus bar 4092 is
applied across-the winding. of potentiometer APT
and through resistance 722 and the potential
derived from- the. brush of this potentiometer,
which potential will thus vary in accordance with

"the -altitude; is applied through resistance 7123

across - the - winding of potentiometer TASP(0
from the brush of which potential is derived and
applied to control conductor 728.

When an indicated: air speed of about 85 knots
is reached the pilot slowly pulls back the yoke
1411 or causes it to move back through the ad-
justment of the elevator trim wheel ET there-
by causing the movernent of the brushes of the
yoke potentiometers YPI and YP2 towards the

‘No. 3 terminals of their windings until the rate

of climb indicators 1441 and (541 on the pilot’s
and copilot’s instrument panels show an up in-
dication that the aircraft is leaving the water
and is becoming “air-borne. The rate of climb

-indicator 941 -on the - instructor’s ‘instrument
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panel is similarly operated. These indicators
are driven by the associated receiving autosyns
1442, 1542 and 1942, the rotor windings of which
are energized from the 400C and 400G bus bars.
The stator windings of the autosyns 1442 and
1452 are connected over conductors 1436 and
1437 with the stator windings of the transmitting
.autosyn (164 driven by shaft (160 of the rate of
climb motor control circuit of Fig. 11, the rotor
of autosyn 1161 being energized from the 400C
and 400G bus bars.

The movement of the yoke 1411 causes the ad-
justment of the yoke potentiometer YP{ which is
instrumental in controlling the angle of at-
tack motor control circuit of Fig. 11. The angle
of attack of an aircraft is the angle which the
chord line of the wings makes with the fight
path of the aircraft. The angle of attack cir-
cuit of the trainer is based on a consideration
of the various moments tending to make an air-
craft nose up or nose down. There are three
of these moments, the wing, tail and thrust mo-
ments. These moments may be expressed by
the following equations:

(A)

Tail 111;11)2111 ent:Kl-—KzC’L—K3 (elevator deflection)

5]
Wing moment

Va == KC}, (horizontal distancte to the
I

center gravity)
(C) Thrust moment K Thrust horse-power
Ve T ViV

In these equations Vi represents the indicated
air speed, Vr represents the true air speed and
CuL represents the coefficient of lift. The cir-
cuit disclosed in the upper portion of Fig. 5 rep~
resents the sum of the three Equations A, B and
C with a slip stream effect added to the elevator
or yoke element of the circuit in the form of a
thrust horse-power potentiometer TPS6.

The elements K1 and Ks of Equation A are
added together and represented by the resist-
ances 514 and 515 connected between the 4Gopl
and 4092 bus bars which supply potential across
the windings of the yoke potentiometer YPi, the
potential derived at the brush of such poten-
tiometer as determined by the movement of the
yoke being applied through resistance 515 to
control conductor 1102 of the ansgle of attack
motor control circuit. Potential from the brush
of potentiometer YPI is also applied through the
winding of thrust horse-power potentiometer
TPG6, the potential derived from the brush of
which is applied through resistance 517 to the
control conductor to supply the slip stream ef-
fect above referred to.

The element K:Cr, Is represented by the poten-
tial of phase ¢l applied through resistance 58
and winding of the wing flaps potentiometer
WEFPI{ from the brush of which a derived po-
tential dependent upon the position of the wing
flaps is applied through the resistance 518 to
control conductor 1182 and is also represented
by the potential of phase ¢! which is applied
through resistance 520 and through the angle
of attack potentiometer AAPT from the brush

of which a derived potential is applied through .

resistance 521 to control conductor 1102.
The element K3Cr (horizontal distance to the
“center of gravity) is represented by the potential
- applied through resistance 522 to control conduc-

“tor 1102. To secure this pot»ential the ter;n_inalsz
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of the longitudinal center of gravity rheostat
LoCGR at the instructor’s desk are connected
through resistances 1914 and 1915 with the 40¢1
and 4002 bus bars and the potential derived at
the brush.of this rheostat is applied over con-
ductor 1916 through the winding of the angle of
attack potentiometer AAPS, the potential derived
at the brush of which is applied through resist-
ance 522 to conductor 1102,
The element

Thrust horse-power
ViV 2

is represented by the potential applied through
resistance 523 to conductor 1102. To secure this
potential, the potential of phase ¢l is applied
from bus bar 48¢l through resistance 524 and
through the winding of thrust horse-power po-
tentiometer TP8 and the potential derived from
the brush thereof is applied through the winding ]
and over the brush of the indicated air speed po~
tentiometer ISAPY and through resistance 523 to
conductor 1102, a part of this potential being dis-
sipated through the leak resistance 525 to ground.
With the yoke pulled back a potential of phase
p2 derived at the brush of yoke potentiometer
YPI, the winding of which is bridged through
resistances 54 and 515 across the 48¢( and 4042
bus bars, is applied through resistance 5i6 to the
control conductor 102,

In response to the sum of the potentials applied
to conductor 1§82, potential of phase ¢2 predomi-
nating at this time, the motor of the angle of at-
tack motor control circuit is operated to rotate
the shaft 1110 and through the unity ratio gears
500 to rotate the shaft 591 until the brushes of
potentiometers AAPS and AAPT assume positions
in which the potential of phase ¢! applied there-
over balances the potential of phase ¢2. When
this condition is attained the motor stops and the
shafts (110 and 561 will have been set into posi-
tions commensurate with the angle of attack. No
instruments are directly controlled by the shaft
1110 but potentiometers operated by the shaft
501 are instrumental in controlling the bank,
rate of climb and indicated air speed motor con-
trol circuits. Potential of phase ¢ is applied
from the 49¢{ bus bar through resistance 520
and the winding of potentiometer AAPT and po-
tential derived at the brush of this potentiometer
is applied through resistance 521 to control con-
ductor 1102. Potential of phase ¢l is also de-
rived from the brush of potentiometer AAPS5 and
applied through resistance 522 to control! con-
ductor 1182. The winding of potentiometer AAPS
is connected over conductor 1916 with the brush
of the longitudinal center of gravity rheostat
LoCGR at the instructor’s desk, the winding of
which rheostat is bridged through resistances
1914 and (915 between the 40pt and 4042 bus
bars. Since it has been assumed that the instruc-
tor has set the slider of this rheostat to a thirty-
three per cent position from the No. 3 terminal
of the winding, potential of phase i will be
applied over the slider and conductor {916 to the
winding of potentiometer AAPS.

The pilot will note that to pull the yoke 1411
back considerable pressure has been required due
to the loading appiied by the slevator trimming
mechanism (51T in simulation of the resistance
which would be encountered in an actual aireraft
in the operation of the yoke to execute a climb-
ing maneuver. This loading will increase as the
air speed increases. For the purpose of increas-
ing the loading as the air speed increases poten-

K,
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tial of phaseé ¢f from bus bar 40¢T is applied
through- resistance 1218 and the winding of the
indicated air speed potentiometer IASP3 and the
potemlal derived fromn the brush therecf is 27-
plied over conductor 1220 and through resistanice
1608 to the control conductor of the spring e~
siorling motor control circuit 1803. The motor
of this control circuit in response tc the poten-

tial rotates the drum {664 and through the cables

1605, 1606 and {607 increases the tension of the
loading springs of the loading mechanisms 15117,
1518 and 1518 in a manner fully disclosed in
the application of Bohman et al. hereinbefore re-
ferred to.

The rate of climb motor control circuit is con-
trolled by 2 potential representing the solution
for the vertical accelerating force. In the train-
er this is assumed to be the difference between
the vertical component of the lift force (which is
perpendicular to the wing axis of the aircraft)
" and the weight. Thus the circuit represents equa-~
tion-

RC=((L cos B—W)dt

w )d{

where 50 is the sea level air density, S is the wing
area in square feet, C
is the angle of bank and ‘W is the weight of the
aireraft in pounds. To this is added 2 wa ater-
borne effect in the form of the potentiometer
ROPZ on the rate of climb shaft 581 to prevent

or-

EC=| <i) SCLV P cos B—
J\2

the indication of a high rate of descent when the d

altimeter reads 0. The effect of wing ice may ba
imparted by the wing ice rheostat WIR at the
instructor’s desk as thwough the weight of the
aircraft were increased. Full wing ice-on has
the same effect as the addition of 60,000 pounds
of weight. The network representing cosine B
isanapproximation.

As scon as the air speed increases to 28 knots
and H relay 602 has therefore reieased, poten-
tial of phase ¢! is applied to the contiol con-
ductor i162 of the rate of climb motor control
circuit. To accomplish this, potential of phase
=1 is applied across the winding of the indicated
air speed variac IASV6 and a potential derived
therefrom is applied across the winding of in-
dicated air speed variac IASV7? from the brush
of which potential is applied over conductor 432
through the winding of wing flaps potentlometel
WFPS, resistance 522 and the winding of win;
flaps potentiometer WFP(Q to ground. The po-
tentials derived at the brushes of the latter po-
tentiometers are applied across the winding -of
the -angle of attack potentiometer APPS. The
potential derived from the brush of potentiome -
ter APP6 is applied over conductor 503, over the

- No. 2 left back contact of S (stall) relay ({0i
associated with the angle of attack motor con-
trol circuit, over conductor 504, over the upper
No. 2 back contact of H relay €02, over condue-
tor 595, through resistances 506 and 507 to con-
trol conductor {162 whereby a potential of phase
ol is applied to conductor 1162 which increasss
with the increase of the indicated air speed,
which varies with the position of the wing flaus
and varies with the angle of attack. The po-
tential applisd over conductor 804 through re-
sistance 505 is also applied to the brush of the
bank potentiometer BKPI the winding of which

is connected at-one terminal: through resxstance,

508 to ground and at the other terminal through

L is the coefficient of lift, B <
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reslstance 509 to ground.. Thus the potentiomc-
te1 BKP| serves to-leak off a certain portion of
the ‘potential applied at the junction of resist-
ances 506 and 597 and this leak off potentlal is
made dependent upon the bankmg of the simu-
lated flight as will"be later described.

At the same time ‘a potential of phase ¢2 is
applied to control conductor (162 under the
control of - the welght potentlometer WP2 and
the wing ice rheostat WIR at the instructor’s
desk. For this purpose potential of phase 2 is
applied from the bus bar 4092, over the lower
No. 2 back contact of ‘H relay 602, over con-
ductor 510, through' the winding of weight po-
tentiometer WP2, through resistance 511, over
conductor 5i2 and through the rheostat WIR at
the instructor’s desk to ground. The potential
of phase ¢2 derived from potentiometer WP2 is
applied from its brush through resistance §13
to control conductor 1162 and is in opposition
to the potential of phase ¢! applied through re-
sistance 507 as previously described and may
be varied in accordance with the settmg of the
weight potentiometer WP2 as adjusted in ac-
cordance with the setting of the weight rheo-
stat WRC at the instructor’s desk and may be
increased to add the effect of wing ice through
the setting of the wing ice rheostat WIR at the
instructor’s desk.

In response to the difference of phase ¢l and
phase ¢2 potentials' the motor of the rate of
climb motor control circuit of Fig. 11 will rotate
shaft {162 and through the unity ratio bevel
gears 589 ‘will rotate shaft §51. The motor will
centinue to operate and rotate the shafts at
a slow speed so long as the lift force factor rep-
resented by the potential of phase ¢f exceeds
the down force factor of weight represented by
the potential of phase ¢2. It will be noted that
the indicated air speed variacs TASV§ and IASV7T
determine a potential proportial to Vi2, the
angle of attack potentiometer APP6 modifles
this potential in accordance with the angle of
attack and that the weight potentiometer WP2
subtracts from this potential in accordance with
the assumed value of the term W of the equa-
tion hereinbefore stated for expressing the rate
of climb. .

The brushes of the rate of climb potentiome=-

ters RCPI and RCPZ are normally positioned at

the center of their windings and when the brush
of potenticmeter RCP1 moves toward its No. 3
terminal in response to the simulated climbing
a potential of phase ¢2 is applied to control con-

“ductor {264 of the altimeter motor ‘control cir-

cuit of Fig. 12 from the brush of potenmomener
RCPI, over conductor 617 ard through resistance
618. This potential is derived from the wind-
ing of the potentiometer which is bridged by
resistance €18, the mid-point of which is ground-
ed, and which wmdmg is connected at one ter-
minal through resistance §20 to the 49¢1 bus
bar and at the other terminal through resist-
ance 621 to the 4092 bus bar: The altimeter
motor control circuit 1ntevrates the rate of climb
nmmatlon When the rate of climb indication
shows a climb of 1000 feet per minute, for ex-
smple, the altitude motor will drive the shaft
1220 and through the unity ratio bevel gears
353 will drive the shaft 651 at a rate to increase
the altimeter reading 1000 feet per minute. On
a negative rate of climb (dive) when the brush
of potentlometm RCPI is movmg toward the

No, 1 terminal of its winding, and potential of
‘phase ‘pl is applied to control conductor 1264,
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the altimeter motor reverses its direction of ro-
tation and revolves at a rate corresponding to
the rate of climb indication. The rotation of
shaft 651 through the gears 652, shaft 653 and
gears 5002, rotates the shaft 5003 as previously
described.

"The rotation of shaft 1260 also adjusts the
altimeter potentiometer AP5 which, as previously
described, affects the reading of the outside air
temperature indicator OT at the instructor’s
desk, 2813 on the flight engineer’s instrument
panel and 1526 on the copilot’s instrument panel
to indicate a lowering air temperature as the alti-
tude increases. Shaft 1260 also drives the rotor
of the transmitting magnesyn 1265, the outside
terminals of the stator windings of which are
connected to the 400C and 400G bus bars and

the Junction points between the windings of .

which are connected ovsr conductors 1266 and
1267 to the junction points between the stator
windings of the receiving magnesyns {452 and

{552 which drive the altimeters on the pilot's and’

copilot’s instrument panels. Branches of con-
ductors 1266 and 1267 are connected to the junc-
tion points between the stator windings of the re~
celving magnesyn 1952 which drives the altimeter
1951 at the instructor’s desk and over conductors
2786 and 2757 of cable 2150 are connected to the
junction points between the stator windings of
the receiving magnesyn 27152 which drives the
altimeter 2751 at the navigator’s station. The
outside terminals of the stator windings of these
receiving magnesyns are connected to the 400C
and 400G bus bars. Thus the operation of the
altimeter motor control circuit of Fig. 12 controls
the readings of the altimeters.

The potential of phase ol which is applied to
conductor 617 for controlling the altimeter motor
control circuit is also applied through resistance

7128 to control conductor {31i of the pitch bar-

motor control circuit. The pitch bar is the hori-
zon of the artificial horizon instrument. Pitch is
indicated by the displacement of this bar in a di-
rection perpendicular to itself. A true equation
for piteh is

Pitch=angle of climbXangle of attack
i : Xcosine (bank angle)

This equation is approximately by assuming that
the angle of climb is proportional to the rate of
climb (the proportionality factor being based on
the average air speed); and by assuming that
cosine (bank angle) is equal to 1. Thus the
equation becomes

Pitch=K Xrate of climb--angle of attack

‘When the trainer is simulating the on-the-water
condition the effect of the angle of attack is
halved to provide a somewhat closer simulation
of a water-borne condition.

The potential of phase ¢! applied through re-
sistance 7129 is supplied through the rate of climb
potentiometer RCPI and therefore this potential
supplies the rate of climb element of the pitch
equation. For supplying a potential which varies

with the angle of attack and in accordance with

whether the trainer is simulating an on-the-wa-
ter or air-borne condition of flight, potential

from the 40¢1 and 4092 bus bars applied through
resistances 622 and 623 across the winding of the”

angle of attack potentiometer AAPS, is applied
from the brush of such potentiometer over con-
ductor 624, over the back contact of ASNI, relay
403, over conductor 625, through resistance 628,

over the front contact of Hi relay 603 and ©~

58
through resistance 626 to ground. Potential de-
rived at the junction between resistances 627 and
628 is applied over conductor 627 and through re~
sistance 130 to control conductor i311 of the pitch
5 bar motor control circuit until the aircraft has
left the water. As soon, however, as the air-
borne condition is simulated and Hi relay 603 is
released, this potential is increased.

In response to potential applied to control con-

10 ductor 1311 the pitch bar motor control circuit
causes the motor thereof to rotate the shaft (310,
and, through the unity ratio bevel gears 104, to
rotate the shaft 105 in directions indicative of the
fact that the trainer is executing a climbing or

15 nosing up maneuver. As a result of the rotation
of shaft 705 the pitch bar balancing potentiom-
eter PBP6 is adjusted until the potential derived
at its brush from its winding, which is bridged
through resistances 628 and 630 hetween the 4001

20 and 4092 bus bars, and applied over conductor

- 631 and through resistance 13f to control con-
ductor 1311, balances the sum of the potentials
applied to conductor (311 through resistances
7129 and 730. When this condition of balance is

28 attained the motor of the pitch bar motor control
circuits stops. The shaft 1318 has now rotated
the rotor of transmitting autosyn 1325 to a posi-
tion indicative of the position of the nose of the
aircraft with respect to the horizon. The rotor

30 of autosyn 1325 is energized from the 400C and
400G bus bars and the stator windings are con-
nected over conductors 1326 and (327 with the
stator windings of the horizon bar receiving
autosyn 1462 which drives the horizon bar of the

38 artificial horizon instrument 14641 which is
mounted on the pnlot’s instrument panel. The
rotor winding of this autosyn is energized from
the 400C and 400G bus bars. At this time the
receiving autosyn 1462 is so operated as to de~

40 press the horizon bar indicating that a climbing

maneuver is being executed. The stator wind-
ings of the transmitting autosyn are also con-
nected over branches of conductors 1326 and 1327
with the stator windings of the horizon bar re-
5 ceiving autosyn 1962 which drives the horizon bar
of the artificial horizon instrument {961 at the
instructor’s desk. These instruments 1461 and
1961 may be of the type disclosed in the Patent
No. 2,381,872 granted to C. I. Baker on August 14,

S0 1945,

%n an actual aircraft on a climbing maneuver
as the rate of climb increasss the air speed de-
creases causing a temporary loss of lift, making
the flight path curve toward the horizon again,

s
&

_ »5 and this change in the flight path means a

change in the angle of attack and the aireraft
noses down until it has recovered eruising speed.
By this time the nose has already gone down be-
low the cruising altitude so that the flight path
ai is nearly leveled off. This results in g change in
the angle of attack thus causing the nose to come
up again and the aircraft will again climb. This
cycle will continue to repeat itself unless there is
2 change in the applied power.  These oscillations

5 are known as phugoid oscillations.
_In the trainer the angle of attack, rate of climb
and .indicated air speed circuits are so interre-
lated that these oscillations are simulated. As
the rate of climb slowly goes up and the shaft
7o 55{ rotates the brush of poténtiometer RCP{ to-
ward the No. 3 terminal of its winding, potential
of phase 92 is applied from the brush thereof,
over conductor 617, over the No. 4 right back
contact of S relay 110, over conductor #{03,
through the thrust horse-power potentiometer

o
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TASPS and through the winding of .weight..po-
tentiometer WPI and resistznce 5§32 in parallei,
through resistance 633 to.ground. The potential
of phase 2 derived at the brush of potenticmeter
WPI is applied through resistance 634 to contrel
conductor {216 of the indicated air speed motor
control circuit. This potential oppoeses the po-
tential of phase ¢! which is derived from the
winding of the brake horse-power potentiometer

TPT and applied over conductor §24, the No. 3

left back contacts of F relay {241, which releases
as soon as the leaving-the-water position ‘of the
aircraft was simulated, over conductor (221,
through resistance §35, over the true air speed
potentiometer 'TASPT and vresistance 838 to
ground, a derived potential being taken off he-
tween the winding of potentiometer TASPT and
resistance 635 and applied through resistance 837
to control conductor 12i6. As the rate of climb
increases the potential of phase ¢2 overbalances
the potential of phase ¢! and the indicated air
speed motor control circuit is controlled to cause
“a reversal of the direction of rotation of shafts
1210 and 801 controlled thereby resulting in ths
reduction of the indicated air speed readings on
the air speed indicators. '

With a slow reduction of the indicated =air
speed the brush of potentiometer TASPS is moved
toward the No. 1 winding terminal thereby in-

creasing the potential of phase ¢! applied from ;

the brush thereof through resistance 523 to con-
trol conductor 1102 of the angle of attack motcr
control circuit, until a condition of balance with
respect to the potential of phase ¢2 applied by
the yoke potentiometer YP! is reached at which
time the rotation of.shafts 1110 and 504 ceases.
With potential of phase ¢l increased above the
potential of phase 92 applied by the yoke poten-
tiometer YPI, the angle of attack motor control
circuit is operated to rotate the shafts 1113 and
50{ in a direction indicative of the reduction.of
the angle of attack until a balance of the poten-
tials applied to control conductor {102 is obtainad.
As a further result of the decrease in air speed,
the movement of the brushes of the indicated air
speed variacs JASP5 and TASPT toward the No. 2
terminals of their windings decreases the poten-
tial of phase ¢f applied from the brush of variac
IASPT over the circuit previously traced through

the winding of angle attack potentiometer APPE -

and to control conductor (162 of -the rate of
climb motor control circuit. This notenmal is
further slightly reduced by the potentlomexm
APPG due to the reduction .of the angle of at-
tack. Thus this potential is reduced. slowly as
the indicated air.speed and the angle of antar'k
decrease until such potential e"guals the potcm-
tial of phase ¢2 applied to control conducter 1462
through resistance §{3 under the control.of the
we1ght potentiometsr WP2, indicative of a con-
dition where the lift eouals the drag and the
climbing of an actual aireraft would.cease. When
this condition is attained the motor of the rate
of climb motor control circuit ceases to operate
and the shafts {166 and 55! controlled thereby
cease their rotation. k

The indicated air speed may indeed decrease
to such an extent that the potential of phase ¢l
indicative of the lift becomes less than th= poten-
tial of phase o2 indicative of the drag wher eupon
the motor of the rate ¢f climb motor control cir-
cuit will be operated in the opposite direction
thereby operating the rate of climb indicators
to show a decrease in the rate of climb. In re-
sponse to the operation of the rate of climb mo-
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-tor control circuit the brush.of the rate.of-climb

potentiometer RCPI . is moved back toward ‘the
No. 1 terminal of its winding thereby decreasing
the potential of phase ¢2 applxed over. such brush
and as previously stated through resistance 634
to control conductor 1216 of the mdlcqted air
speed motor control circuit. The potential of
phase ¢l applied from the brush of thrust horse-
power potentiometer TPT, over the circuit. traced
through resistance 637 to control conluctor (216,
now overbalances the potential of phase p2 and
the motor of the indicated air speed motor. cori-
trol circuit thereupon operates to rotate shafts
1210 and 601 in directions indicative .of an-in-

; crease in air speed, whereupon the indicated air

speed indicators will show an increase in. air
speed.

With an increase in the indiqated.axr speed, po-
tential of phase ¢l applied over the indicated.air
speed potenticmeter TASPY and through resist-
ance 523 to the control conductor 1102 of . the
angle of .attack circuit, is decreased whereupon
the potential of phase 92 applied over the yoke

potentiometer YP! overbalances the potential .of

phase ¢l and the angle of attack metor. control
cireuit is operated to indicate an increase in the
angle of attack. Thereupon the movement of
brushes AAP{ and AAP2 towards the No. 3 termi-
nals of their windings increases the potentlalA of
phase ¢2 applied from the brush of indicated air
speed variac IASV2, thence as stated from the
brush of potentiometer AAP2, through resist-
ance 616 to control conductor 1218 of the indi-
cated air speed motor control. circuit. As the in-
dicated air speed increases and the angle.of at-
tack increases, the potential of phase ¢2. applied
to conductor 1216 increases until it balances.the
potential of phase ¢l applied to control conduc-
tor 1216 whereupon the motor of the indicated
air speed motor control .circuit arrests the rota-
tion of shafts 1210 and 601 and the indicated. air
speed indicators cease to show an increasing air
speed.

In response to the increase in air.speed.and
increase in the angle of attack, the lift potential
of phase ¢f applied from the brush of indicated
air speed variac IASVT over the circuit traced
over the brush of angle of attack potentiometer
APP6 and through resistance 507 to control con-
ductor 1162 of the rate of climb motor control
circuit, becomes greater than the potential of
phase ¢2 under.control of the weight drag im-
posed by the weight potentiometer WP2 and
the motor of the rate of climb motor control cir-

a5 cuit is operated to rotate shafts 1160 and 551

in directions indicative of an increase.in the
rate of climb whereupon the rate of climb in-
struments now indicate.an increase in the rate

of climb. Again, as previously described, .the
¢ movement of the brush of rate of climb poten-

tiometer RCPI will apply more potential of
phase ¢2 to the control conductor 1216 of the
indicated air speed motor control circuit until the
potential of phase ¢2 again overbalances the po-
tential of phase ¢f on such conductor and the
motor .of the indicated air speed motor control
circuit is again operated in a direction to indi-
cate a reduction of air speed.

The cycle of operations of the indicated .air

Tv.speed, angle of attack.and rate of .climb mofor

control circuit continues to simulate the. cllmbing
of an actual aircraft in phugoid oscillations until
the yoke potentiometer YPI is moved: forward to
level off the simulated flight.

As soon as the air-borne condition of the
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flight is simulated, relay {241 associated with °

the indicated air speed motor control circuit is:

released by the opening of the left contact of the
contact set 1263 operated by a cam driven by the
altimeter shaft 1260 through the gears 1264.

Relay 1241 upon releasing establishes a circuit

from ground over its No. 2 right back contact,

over conductor 5681 of cable 5600, through the

winding of FL relay 5641, Fig. 56, to battery
and ground, relay 5641 remaining operated so
long as an air-borne or flight condition of a
flight is being simulated. With relay 5641 op-
erated, the operation of the sound effects cir-
cuit of Fig. 58 is modified to simulate the change
in the sounds which the pilot hears when an air-
craft takes to the air.

o

For this purpose relay 5641 establishes a cir-
cuit which may be traced from ground over its .

upper No. 3 contacts, over conductor 5824 and
through the enabling relay 5825 of the sound
effects circuit to battery and ground. Relay
5825 upon operating removes a short circuit
from across the input circuit of the dual ampli-
fler tube 5826. For simulating the wind noise of

an aircraft in flight, the oscillator tube 5827, the

dual amplifier tube 5826 and the detector tube
5828 are provided. The oscillator tube §827 func-
tions with the condenser 5829 to generate a saw-
tooth wave which, when relay 5825 is energized,
is impressed upon the input circuit of the dual
amplifier tube 5826, is amplified thereby and im-
pressed through the volume regulating rheostat
5830 upon the control grid of the detector tube
5828, the cathode-anode path through which is
connected in series with the primary winding of
output transformer 5806.
applied from the source B58, through resistance
5809 to the anode bus bar 583! and from this
bus-bar through resistances 5832, 5833 and 5834
to the anodes of tubes 5825 and 5827. Direct
current bias is impressed upon the grid 5835 of
tube 5828 through resistance 5836 across the cath-
ode-anode path through the right unit of the dual
rectifier tube 5816 and through the secondary
winding of transformer 5837 to ground, this cath-
ode-anode path being bridged across the sec-
ondary winding of transformer 5837 and en-
ergized by potential from the 40 2 bus-bar im-
pressed through the rheostat 5838 and from the
brush 'thereof through resistance 5839 and
through the primary winding of transformer
5831.

A potential of phase ¢2 is also applied from
the brush of indicated air speed variac IASVT,
over conductor 5840, through the winding of
rheostat 5841 and from the brush thereof
through resistance 5842 and through the primary
winding of transformer 5837. The filaments of
tubes 5826, 5827 and 5828 are energized from
the filament current transformer 5820. .

The output from the oscillator tube 5827, as
amplified by the tube 5826 and detected by .the
tube 5828 and impressed upon the output of
transformer 58017, simulates the rushing sound of
the air when an aircraft is in flight which is
varied in intensity by the indicated air speed
variac TASVT as the air speed increases and
which rushing sound is superposed on the engine
explosion noise impressed upon the output trans-
former 5806 by the detector tube 5805.

The pilot now operates the aileron and rudder
trim wheels AT and RT thereby operating the
associated rheostats ATR and RTR which con-
trol the aileron trimming motor control circuit
1601 and- the rudder trimming motor control

Anode potential ‘is
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circuit 1602 to in turn control the aileron and
rudder trimming mechanisms (518 and (59
so that the indicators of the trainer show that
there is no tendency to indicate a bank or turn
in the simulated flight. This trimming is pro-
duced in the manner fully set forth in the ap-
plication of Bohman-Davis-Germanton herein-
before referred to. The pilot will note that if
trimming is produced by the operation of the
trim wheels the neutral positions of the aileron
control wheels {415 and 15i5 and of the rudder
conirol pedals 1400, 1400 and (500, (50i will be
changed.

The pilot next operates the wing flaps key {820
to its up position whereupon a circuit is estab-
lished from ground over conductor 3332, over the
lower contacts of WF relay 1804, through the
contacts of key 1820, over conductor 1822, over
the normal contacts of limit switch 171 of the
wing flaps motor control circuit of Fig. 7, over the
right back contact of relay 165 and through the
right shaded pole winding 770 of motor 769 to
ground thereby shunting such winding and caus-
ing the motor 169 to operate and through the re-
duction gear box 768 to rotate the shaft 160 in a
counterclockwise direction thereby moving the
brushes of the potentiometers WFP6 to WFPI I,
inclusive, toward the No. 1 terminals of their
windings. The pilot holds the key 1820 in its up
position until the wing flaps indicator (525 on the
pilot’s instrument panel indicates a zero reading
when he will open the key thereby removing the
shunting ground from conductor 1822 to stop the
wing flaps motor 769. The wing flaps position

3 indicator 1911 mounted on the instructor’s desk

will also indicate the zero position of the wing
flaps. -

When the altimeter reads an altitude of 1000
feet the governor controls of the overhead equip-
ment are adjusted until the right and left en-
gine tachometers 1722 and 1723 on the pilot's
instrument panel indicate engine speeds of 1800
revolutions per minute and the synchroscope 1726
indicates that the engines are synchronized at
that speed. The tachometers 2522, 2523 and the
synchroscope 2524 at the instructor’s desk and
the tachometers 28i4 and 2815 and synchroscope
2816 on the flight engineer’s instrument panel
will now show similar readings. The throttles
of the overhead equipment are then moved back
until the manifold pressure indicator 1724 on the
pilot’s  instrument panel indicates a manifold
pressure of each engine of 27.5 inches of mercury
at which time the manifold pressure indicators
2327 and 2810 at the instructor’s desk and on
the flight engineer’s instrument panel will indi-
cate the same pressures. The manner in which
the manifold pressure, R. P. M. and other motor
control circuits respond to these controls has
been previously described.

To simulate leveling off the flight at 1000 feet
altitude the yoke 14if is pushed forward until
the rate of climb indicators (441 and 1541 indi-
cate a zero rate of climh, or this may be accom-
plished through the operation of the elevator trim
wheel ET until no pressure is exerted on the yoke.
If necessary, the aileron and rudder trim wheels
AT and RT are operated further until there is no
tendency for the instruments of the trainer to
indicate a banking or turn in the simuldted flight,
when no pressure is exerted on the aileron or rud-
der controls. Moving the yo%e forward moves
the brush of yoke potentiometer YPI toward the
No. 3 terminal of its winding thereby reducing
the potential of phase ¢2 which has been applied
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over such-brush to. control conductor 1102 of the
angle of attack motor control cireuit, to cause the
motor of such circuit to operate in the reverse di-
rection thereby moving the brush of angle of at-
tack potent*omeuel AAP6 towards the No. 1 ter-
minal of its winding to reduce the potential of
phase 1 applied to the control conductor 1162 of
the rate of climb motor control circuit. This re~
duction of potential is instrumental in causing

the motor of such circuit to rotate the shaft {163 !

in such a direction as to cause the rate of climb
md1cat01 pointers to move back toward their
zero positions.

Changing mixture to cruising lean

At the flight engineer’s station the mixture
control switches 2316 and 2917 are now operated
into engagement with their upper or cruising lean
mixture contacts. With switches 2918 and 2817
thus set circuits are established from ground over
the upper contacts of switches 2925 and 2923, over
the upper contacis of switches 28i% and 23i7,
conductors 2891 and 2892 of cable 2833, to bat-
tery through the winding of the LN relay 5853
of the right engine control circuit, Fig. 56, and to
battery through the winding cof the similar LN
relay of the left engine control circuit of Fig. 45.
The operation of the switches opens the previ-

ously traced circuits for the rich mixture lamps .

2208 and 2209 at the instructor’s desk and the
operation of the LN relays establishes circuits for
the lean mixture lamps 2243 and 2241. The cir-
cuit of lamp 2241 may be traced from battery
through such lamp,
5600 and over the inner lower contacts of LN re-
lay 5653 to ground. A similar circuit is estab-
lished for lamp 2241, over conductor 4562 of cable
4500 to ground over a contact of the LN relay (not
shown) of Fig. 45. The instructor is thus in-
formed of the fact that the flight engineer has
changed the engine mixtures from rich to cruis-
ing lean.

With the mixture thus changed the operation
-0f LN relay 5653 for the right engine connects
resistance 5665 in series with resistance 5663 in
the potential divider extending over conduetor
5664, through resistances 5766 and 5746, through
the winding of potentiometer 5775 and resistance
5745 to ground, whereby the potential applied to

the input of the control circuit of the cylinder ¢

and oil temperature motor control circuit is de-
creased to cause the right engine oil temperature
indicator 2388 and the right engine unit of the
cylinder temperature indicator 2321 at the in-
-structor’s desk and the right engine oil tempera-
ture indicator 2818 and the right engine unit of
the cylinder temperature indicator 2839 on the
flight engineer’s instrument panel to show de-
creased temperature readings. The operation of
the corresponding LN relay of the left engine con-
trol circuit of Fig. 45 likewise causes the left
engine oil temperature indicator 2312 and the

over conductor 5662 of cable .
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left engine umt of the cylinder temperature in- .

- dicator 2321 at the instructor’s desk and the left
engine oil temperature indicator 2817 and left
engine unit of the cylinder temperature indicator
2839 on the flight engineer’s instrument panel
- to show decreased temperature readings.

At its inner transfer contacts LN relay 5552 re-
‘moves the 8000-ohm resistance 5651 from its
series connection with resistance 5652 and con-
nects resistance 5831 in series between the brush
-of altimeter pofentiometer-AP{ and the control
conductor 4803 of the right engine fuel flow motor
control circuit whereupon this control circuit is
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controlled to.operate the transmitting. aulosyn
3125 dnven by its shaft 3110 to cause the mght
unit of the fuel flow indicator 2329 at the in-
structor’s desk and the right. engine fuel flow
indicator 28066 on the flight engineer’s 1nstr_ument
panel to indicate a reduction in the fuel flow to
$50 pounds per hour. The corresponding LN re-
lay of Fig. 45 similarly controls the left engine
fuel flow motor control circuit whereby, the left
unit of the indicator 2329 at the insfructor’s
aesk and the left engine fuel flow indicator 2808
at the flight engineer’s instrument panel indi-
cate a fuel flow of 950 pounds per hour.

At its upper transfer contacts LN relay 5683
removes the 45-ohm resistance 5657 from its
series connection with resistance 5658 to ground
and connects resistance 5687 in series in the con-
nection from the 40¢1 bus-bar, over the upper
No. 1 contacts of EST relay 5616, through re-
sistance 5687, over the upper front contacts of
relay 5633, thence over conductor 5653 through
the winding of the potentiometer RMPI( in the
control circuit of the right engine brake horse-
power motor control circuit thereby causing the
motor of the brake horse-power motor control
cireuit to operate the shafts 3910 and 5001 to
adjust the potentiometers controlled thereby in

a direction indicative of a reduction-in the brake
horse-power output of the right engine. The cor-
responding LN relay of the left engine control
circuit of Fig. 45 similarly controls the left englne
brake horse-power motor control circuit to op-
erate shafts 3960 and 505( to adjust the potenti-
ometers controlled thereby in a direction indica-
tive of a reduction in the brake horse-power out-
put of the left engine.

Stopping the auxiliary power plant

The engines should now be operating at their
best efficiency for the selected speed. Since the
engines, through the generators driven thereby,
are supplying the power for operating all of the
auxiliary apparatus of the simulated aircraft, the
cperation of the auxiliary power plant is -no
longer necessary and the flight engineer may now
stop the auxiliary power plane by opening the
auxiliary power plane ignition key 3t1{ thereby
opening the locking circuit of EST relay 3123
which releases and removes ground from con-
ductor 3112 of cable 3100 to extinguish the
auxiliary power -plant ignition-on lamp 2213 .at
the instructor’s desk. Relay 3123 upon releasing
removes ground from conductor 3124 of cable
3100 thereby extinguishing the auxiliary power
plant starter-run lamp 2215, opens the-circuit of
APPG relay 3125 which releases, opening the pre-
viously traced circuit through the a.ux111ary gen-
erator ammeter 3(35 on the flight engineer's
power panel and through the ammeter 2297 at the
instructor’s desk and opening the circuit extend-
ing over conductor 3132, through the winding of
ST relay 3604 of the auxiliary engine oil and
cylinder temperature motor control circuit of
Fig. 36.

Relay 3604 upon releasing establishes over its
upper No. 1 back contact a shunt of the shaded
pole winding 3634 of the oil temperature motor
3620, such circuit extending over the normal con-
tact of the L{ limit switch 3635. The motor 3620
fhereupon operates to rotate the shaft 3622-in
such a direction as to return the brushes of -po-
tentiometers 3600 .and 3601 towards the No. 1
terminals of their windings. When the brushes
reach the No. 1 terminals the limit switch 863§
operates to -open the shunt of winding 384
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“whereupon ‘the "motor 3620 stops. ‘- In the nor-
mal position of shaft 3622 the 1.2 limit-switch
‘contacts 3617 are again closed.” The movement of
the brushes of potentiometers 3660 and 3601
causes the auxiliary power plant oil temperature
and c¢ylinder temperature indicators APPO and
2317 at the instructor’s desk and the oil tempera-
ture ‘and cylinder temperature indicators 2812
and 2838 at the flight engineer’s instrument panel
to' return to normal.

" Relay 3604 upon releasing also releases the
T relay 3608 and the NP relay 3603 whereupon
potential of phase ¢l is applied from the right
portion of the secondary winding of transformer
T36, over the lower No. 1 back contact of relay
3604, over the L limit switch 3615, through re-
sistance 3896 and the rotor circuit of motor 3605
whereupon the motor is operated to rotate shaft
3612 back to its normal position in which the cam

‘carried by such shaft will open the Lif limit switch .:

‘contacts 36!5 to stop the motor. The return of
shaft 3612 to normal permits the L2 limit switch
contacts 3807 o close and rotates the rotor of
‘the transmitting autosyn 36123 to its normal posi-

‘tionwhereupon the auxiliary power plant oil ::

pressure indieator 2357 at the instructor’s desk
‘and the corresponding oil pressure indicator 2807
on the flight enzineer’s instrument ranel return
to normal.

Simulation of a correctly erecuted turn to the
right

" ‘Preparatory to executing a turn the pilot sets

the gyro directional compass 1871 to agree with

the remote reading magnetic or steering compass

1420, Af the instructor’s desk the directional gyro
1971 is also set to agree with the remote reading
‘magnetic. or steering compass 1920. The gyro
directional compasses 1471 and 1971 used in the
trainer may be of the type discloced in Patent No.
‘2,379,869 granted to C. I. Baker on July 10, 1845,
The pilot now pushes the right rudder pedal {481
forward and rotates the aileron control wheel
1415 in a clockwise direction. As a result of the

depression of the right rudder pedal {404, the -

shaft {408 is rotated thereby causing the rota-
tion of shaft 382 and the movement of the brush
of the rudder potentiometer RP toward the No. 1
termina] of its winding. As a result of the move-
ment of the aileron wheel 1415 the shaft (48
is rotated causing the rotation of shaft 387 and
the movement of the brush of the aileron po-
tentiometer ALP toward the No. 3 terminal of its
winding.

""'The turning circuits, that is, the rate of turn, ¢

bank and ball motor control circuits of Figs. 3, 4,
9 and 10 interact with each other in accordance
~with the various turning movements resulting
‘from the manipulation of the rudder and aileron
controls. In addition the circuits are affected by
the difference in thrust between. the right and
“left engines. The rate of turn motor control cir-
cuit of Fig. 10 is controlled by potential applied
to control conductor 1261, For this purpose po-
tential of phase o1 derived in accordance with
the funetion Vi? or the square of the air speed,
from the indicated air speed variacs TASVE and
TASVT is applied from the brush of variac TASVT
to the No. 1 terminals of the windings of rudder
potentiometer” RP - and
ALP and potential of phase ¢2 derived in ac-
“gordance with the function ViZ from the indi-
vated air speed varide IASVY and TASV2 is ap-
plied from the brush of variac TASV2 to the No. 3
“terminals of the windings of potentiometers RP

aileron potentiometer
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and’ ALP. ‘Normally the ‘brushes of the latter
potentiometers stand at the center points of their

‘windings and no potential is therefore derived

from the brushes therecf. However, with the
brush of potentiometer RP assumed to have been
moved toward the No. 3 terminal of its winding,
a potential of phase ¢2 will be applied over the

‘brush of such potentiometer and the lower back

contact of 'ASN relay 484, which is unenergized
when the aircraft is in motion, thence through
resistances 421 and 422 to ground. From this
potential divider at a point ahead of resistances
421 and 422 potential is applied through resist-
ance 405 to control conductor 1061,

" Opposing the turning effect, potential is ap-

‘plied from the brush of the rate of turn po-

tentiometer RTP3, over conductor 408, through
the potential divider comprising resistances 407
and 408 to ground over the upper No. 2 back con~
tact of ASNI relay. The potential derived from
the junction point between resistances 407 and
408 is applied through resistance 409 to control
conductor (0861. The winding of potentiometer:
RTP3 is shunted by resistance 313, the mid-point
of which is grounded and is bridged through re-
sistances 314 and 315 between the 40¢{ and 40,2
bus-bars. If potential of phase ¢2 is applied to
control conductor 1061 under the control of the
rudder potentiometer RP and the motor of the
rate of turn circuit of Fig, 11 is operated to turn
shafts 1069 and 481 in a direction indicative of
the turn to starboard and therefore the brush of
the rate of turn potentiometer RTP3 is operated
toward the No. 3 terminal winding, the potential
of phase ¢f will be applied from the brush of this
potentiometer to oppose the turning effect.

If both engines are so operating as to deliver
the same horse-power they will not affect the
turning effect. If it be assumed, however, that
the left engine is delivering more power than the
right engine this engine will cause the turning

‘effect toward the right to be augmented and this

augmented effect will increase as the air speed
increases. 'To produce this effect on the rate of
turn motor control circuis, potential of phase !
is applied from the bus-bar 48¢1, through the true

-air speed potentiometer TASP3 and resistance

410 and thence in parallel through resistance 41 {
and the winding of brake horse-power potentiom-
eter RBPY to ground, and the potential of phase
ol derived at the brush of potentiometer RBPS
is applied through resistance 412 to control con-
ductor {061. At the same time potential of phase
92 is applied from the bus-bar 4042 through the
true air speed potentiometer TASPS, through re-

“sistance 413 and thence in parallel through re-
sistance 414 and the winding of brake horse-

power potentiometer LBPY to ground and the po-
tential of phase ¢2 derived at the brush' of
potentiometer LBPY is applied through resistance
415 to control conductor {061. With both en-
gines delivering the same power these phase of
and phase ¢2 potentials will balance but if, as
assumed, the left engine is delivering more power
than the right engine, the potential of phase ¢2
will be greater than the potential of phase ¢l
thereby augmenting the potential of phase ¢2 as-
sumed to have heen applied to control conductor
{261 by the operation of the right rudder pedal.

Another factor which affects the turning effect
is due to skidding or a turn executed with insuf-
ficient bank or due to side slipping or a turn exe-
cuted with too much bank either of which in an
actual aircraft would cause a displacement of the
ball'indicator. This factor is expressed as a po~
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tential of either phase ¢l or phase ¢2 applied to
control conductor (664 from the brush of the ball
potentiometer BLPT. The winding of this poten-
tiometer is bridged by resistance 319, the mid-
point of which is grounded, and is bridged across
the 401 and 4002 bus-bars through resistances
321 and 322 and the potential derived at its
brush when the brush moves from its normal cen-
tral position is applied through resistances 320,
over conductor 322 and through resistances 416
and 417 to ground. From the point on this po-
tential divider between resistances 320 and 416,
potential is applied through resistance 418 to
control conduector 106{. If the turn has been
executed properly no potential will be applied
from the brush of potentiometer BLPT to con-
ductor 1861 since the brush will not have been
moved by the bank motor control circuit from
its normal central position with respect to the
winding. If it be assumed, however, that the
turn is being executed with insufficient bank
then the brushes of ball potentiometers BLP6 and
BLPT will have been moved toward the No. 1
terminals of their windings to indicate a skid on
a right turn and therefore potential of phase ¢l
would be applied to conductor 1061 to oppose the
turning effect. On the other hand, if it were as-
sumed that the turn is being executed with too
much bank then the brushes of ball potentiom-

eters BLPS and BLPT will have been moved to- :

ward the No. 3 terminals of their windings to
indicate a side slip on a right turn and there-
fore potential of phase ¢2 would be applied to
conductor 1061 to augment the turning effect.
In response to the sum of the potentials ap-
plied to control conductor 1061, the rate of turn
motor confrol circuit is operated to cause the ro-
tation of shafts {060 and 451 and the rotation of
the rotor of the transmitting autosyn 1062, The
rotor of this autosyn is energized from the 400C
and 490G bus-bars and the stator windings are
connected over conductors 1063 and 1064 with the
stator windings of the receiving autosyns 1482
and 1582 which drive the rate of turn indicators
of the turn and bank instruments 1481 and {581
on the pilot’s and co-pilot’s instrument panels
and over branches of conductors 1063 and {064
with the stator windings of the receiving auto-
syn 1982 which drives the rate of turn indi-

cator of the turn and bank instrument (981 at ;

the instructor’s desk. The rotor windings of the
receiving autosyns 1481, {582 and {982 are ener-
gized from bus-bars 400C and 400G.

In response to the movement of the brush of
the rate of turn potentiometer RTP3 toward the
No. 3 terminal of its winding in response to a turn
to the right, potential of phase ¢2 applied to
control conductor 1861 increases until it balances
the petential of phase ¢1 applied under the con-
trol of the rudder potentiometer RP through re-
sistance 405 to such control conductor, where-
upon the motor of the rate of turn motor control
circuit will arrest the rotation of the shafts 1060
and 451 and the further advance of the pointers
of the rate of turn indicators which will now indi-
cate the rate of turn on a turn to the right.

In response to the operation of the aileron
wheel {415 for a right wing down to execute a
turn to the right, the potential applied from the
48¢! and 40¢2 bus-bars across the winding of
the aileron potentiometer ALP under the control
of the indicated air speed variacs TIASV{, JASV2,
IASVE, IASVT is applied as a potential of phase
«2 from the brush of potentiometer ALP, over the
the inner upper back contact of ASN relay 404,
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and through resistance 429 to control conductor
{011 of the bank motor control circuit. With
the right rudder pedal depressed and the brush
of rudder potentiometer RP moved toward the
No. 1 tarminal of its winding, potential of phase
ol is derived therefrom and applied over the
lower back contact of ASN relay 404 and through
the potential divider comprising resistances 421
and 422 to ground and, from a point between re-
sistances 421 and 422, potential is derived and
applied as a potential of phase ¢l through re-
sistance 423 to control conductor {01, opposing
the banking effect.

-~ If the bank is being executed properly, the

brush of the ball potentiometers BLP§ and BLP17,
will not be moved from the center position with
respect to their windings and consequently with
the winding of potentiometer BLP1 bridged across
the 40¢! and 40902 bus-bars as previously de-

y scribed, no potential will be applied from the

brush thereof through the potent:ial divider com-
prising resistances 320, 416 and 417, and there-
fore, no potential will be applied through re-
sistance 419 to conftrol conductor 1011. If the
brush of potentiometer BLPT has moved towards
the No. 1 terminal of its winding indicating a skid
on a right turn, then potential of phase ¢{ will be
applied from a point between resistances 416 and
417 through resistance 419 to control conductor
1011, or if the brush of potentiometer BLPT has
moved toward the No. 3 terminal of its winding
indicating a side-slip on a right turn, then poten-
tial of phase 2 will be applied from a point be-
tween resistances 416 and 417 through resistance

5 419 to the control conductor 101F.

It will be noted that on a skid the potential
of phase ¢! will oppose the potential of phase ¢2,
applied through the aileron potentiometer ALP
to reduce the amount of indicated bank and that
on a side-slip the potential of phase ¢2 will aug-
ment the potential of phase ¢2 applied through
the aileron potentiometer ALP to increase the
amount of the indicated bank. .

A further effect is introduced on the bank
which results from the rate of turn. This effect
is produced by the application of potential ap-
pearing at the brush of rate of turn potentiom-
eter RTP3, and which on a right turn will be a
potential phase ¢2, over conductor 406, over the
upper back contact of ASN relay 404, through
the winding of true air speed potentiometer
TASPS to ground, the potential derived at the
brush of potentiometer TASPY Leing applied
through the potential divider comprising resist-
ances 424 and 425 to ground and the potential
derived at the junction between resistances 424
and 425 being applied through resistance 426 to
control conductor 10fi. It will be noted that
this potential augments the potential tending to
increase the bank effect and increases with the
rate of turn and with the true air speed.

The sum of the potentials applied to control
conductor {011 controls the motor of the bank
motor control circuit to rotate the shaft 1010

s and through unity ratio bevel gears 400 to rc-

tate the shaft 401 to a degree commensurate
with the bank effect. As the shaft 401 rotates,
the brush of potentiometer BKP3 is rotated into
a position into which the potential applied from
it through resistance 4271 to control conductor
1011 balances the potentials applied to conduc-
tor {011 as previously described. To supply this
balancing potential, the winding of pctentiom-
eter BKP3 is bridged through resistances 428 and
429 between the 4001 and 4042 bus bars and the
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- rpotential-derived -at:the- potentiometer-brush- is
capplied:over the potential divider comprising re-
vsistance 430, 43t and 432 to.ground; from a:point
-between :resistances 431 and 432 of which poten-

#ial- divider, potential is applied. through resist- -

-ance: 427 to.control: conductor 16fi. When the
.potentials of phases ¢ and: e applied to con-
trol conductor i6i{ balance, the motor:. of the
~bank -motor -contrel: cirguit -arrests the-rotation

of shafts 1813 .and 40{. ~These shafts have now:

:been-rotated to.an amount -commensurate with
the angle of bank,

~“Shaft 10i0 drives- the rotor of -transmitting
.autosyn {025, the rotor-winding of which: is ener-
-gized from: the-400C-and 400G bus bars and the
:stator windings of which are connected over con-
~ductors 1026 and {827 with the stator windings
of the receiving autosyn (463 which controls: the
~tipping of the horizon bar of ‘the artificial hori-

zon -instrument on:the pilot’s instrument panel:gp.

.do.not balance, then the motor of the ball motor

-and which indicates the amount of the.-bank.

10

15

“The:stator windings of transmitting autosyn {825 .

are also connected - over -branches. of -conductor
{026 and 1827 with the stator windings of the

receiving autosyn. 1963 which controls the tip-o
ping-of the horizon bar-of the-artificial horizon -

instrument 196{ at the instructor’s desk and in-
.dicates:the amount of bank. The rotor windings
of the.receiving-autosyns {463 and {963 are ener-
~gized -from the 400C and 468G bus: bars.

‘The: instructor may-alter the response to the
.aileron and rudder controls: to:simulate right or
‘left-wing : heavy . conditions, - which would result
from:a-consumption of fuel from the wing tanks

-or loss of an engine, by the operation of-the lat-

eral center of gravity rheostat LCGR. The wind-
‘ing of :this rheostat is energized over conduc-
tors {9471 and 918 and resistances 433.and 424
.from -the 40¢1 and-40¢2: bus bars-and the brush

is -connected over  conductor: 1222 -and through:

.resistance ‘435 with:contrel conductor 1841 -of.the
‘bank motor control:circuit. For-example, if the
brush or rheostat LCGR - is meved toward -the
:No. 1-terminal of its winding, indicating a. right
.wing:heavy eondition which would result through
the.loss of the left engine, potential of phase -¢2
-would: be applied from the hrush over the circuit
traced to -control-conductor 101! whereas if the
~brush - is ‘moved toward-the No. 3 terminal; in-

-dicating ' a left wing heavy: condition, potential,

of phase ¢! would be applied to control conduc~
tor (811. This potential unless:the pilot takes
:steps to balance it out will affect the amount of
bank - which - results from the -operation of the

.aileron: and rudder-controls as previously: de-.

- scribed.

. As-asresult-of the operation of the rate of turn
-and-bank: motor: control eircuits, a -control is-ex-
~ereised-over- the bhall motor: contrel -circuit. . For

this purpose.in response-to the movement of the:

‘brush . of :rate of-turn potentiometer RTP3; po-~
:tential:derived therefrom in-accordance with the
direction and rate of -turn, modified in-accord-
ance with:-the true-air spsed by the potentiom-

‘eter "TASPS and applied through: the :potential.

divider comprising resistances 424 and 428, is-ap-~
‘pHed from the. brush of potentiometer TASPY,
over- conductor 438, -through resistance 224 to
-control conductor 98¢ 0of the hall motor centrol

-circuit,  Under --the- conditions - previously ~as-:

-sumed that:a:-turn to the right is being executed,
“the: hrush of rate of furn potentiometer RTP3
“will’have been:-moved toward the No. 3 terminal

-of -its winding to thus apply potential of -phase

: ¢2 to control conductor 964,
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‘Also in-response-to the movemsnt of the brush
of bank potentiometer BKP3. toward the No. 3

“terminal of:its winding, in response to a ‘bank

fora ‘turn: to. the right, potential of phase ¢l
will. be applied from:a point between resistances
430 and 43{ of the potential divider including re-
sistances 430, 431 and 432, over conductor 437

.and through resistance 325 to control conductor

861. If the potential applied to conductor 961
by the rate of turn circuit and the  potential
applied to conductor 864 by the bank circuit are
maintained equal and opposite during the turn-

ing maneuver, then the motor of the ball circuit
-is  not. operated and the brushes of the ball: po-
tentiometers BLPE and BLPT will not move from

the center positions of their windings and the
rotor of the transmitting autosyn 862 driven:by
the ball motor shaft 958 will not leave its zero
position. “However, should the furning maneuver
be incorrectly executed o that these potentials

control ecircuit wiil be operated to move: the
brushes of the ball: pot:ntiometers towards the
No. 1 terminais of their windings if a skid results

‘or ‘to meve the brushes toward the No. 3 ter-

minals if a side-slip results. The movement of

-the brush of potentiometer BILP7 is effective to

affect the bank and rate of turn metor control
circuits - as previously described and the move-

-ment of the brush of potentiometer BLP6. is

effective to apply a potential derived from: the

-winding of such potentiometer which is .con-

nezcted in.parallel with resistance 316, the mid-

-point of whieh is grounded, through resistances

3iT and 318 between the 401 and 43¢2:bus bars,
through resistance 325 to. control conductor 961
of thes ball motor control circuit, of such phase
as to balance the sum of the potentials applied
to such conductor through the operation -of the
rate -of turnand bank motor control -circuits.
When . this - balance is. obtained, the motor- of
the ball motor control circuit will stop and the
rotor - of the transmitting autosyn 9862 -will be
stopped in a position indicative of a skid or o

5 side-slip.

The rotor winding of the autosyn 862 is ener-
gized from. the 488C and 402G bus bars and the
stator windings are connected over conductors
383 and 284 with the stator windings of the re-

—ceiving autosyns 1483 and 1583 which control the

movement of those portions of the turn and bank
indicators on the pilot’s. and co-pilot’s instru-
ment panels which simulate the movement’ of
the balls. The stator windings of the transmit~

- ting autosyn 882 are also connected over branches

of conductors 268 and 964 with the stator wind-

~ings of the receiving autosyn {983 which con-

trols the movement of that portion of the turn
and bank indicator at the instructor’s desk which
simulates the movement of the hall.

Also in response to the movement of the brush
of rate of furn potentiometer RTP3, potential
is. applied -from the brush thereof through re-
sistance 327 to control conductor G981 of the

compass motor control circuit. The -application
-0f potential of phase:p!l or phase ¢2 is in ac-

cordance with the direction of the turn simulated

-and-at-a rate which is integrated: from. the rate

of turn with respect to time. A rate of turn:to
the left or right causes the compass motor unit
to turn and drive the autosyn compass indi-
cators of the trainer in: the corresponding direc-

‘tion. -A-standard turn isione in which the com-~
-plete circuit-is made in two minutes.

Under this
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condition the compass indicators will make a
complete revolution in two minutes.

For operating the remote reading compasses

1420, 1520 and (920, located in the pilot’s and co-

pilot’s instrument panels and at the instructor’s -

desk, the rotor of the fransmitting magnesyn
812 is driven through gearing from the shaft 910.
The outside terminals of the stator windings of
the magnesyn are connected to the 400C and
400G bus bars and the junction peints between
the windings are connected over conductors 9(3
and 914 and over front contacts of relay (419
with the junction points between the windings
of the receiving magnesyns {421 and 1521, which
drive the remote reading compasses {420 and
1520 on the pilot’'s and co-pilot’s instrument
panels. Branches of conductors 9i{3 and 914
are also connected to the junction points between
the windings of the receiving magnesyn 1921
which drives the remote reading compass 1920 at
the instructor’s desk. The stator windings of
magnesyns (421, 1521{ and (921 are energized
from the 460C and 400G bus bars.

For operating the magnetic compass 2720, at
the navigator’s station, a transmitting autosyn
915 is provided, the rotor of which is operated
through gearing from the shaft 810 of the com-
pass motor control circuit. Ths rotor winding
of this autosyn is energized from the 400C and
400G bus bars and the stator windings are con-
nected over conductors 27158 and 2759 of cable
27150 with the stator windings of the receiving
autosyn 272{ which drives the compass 2720.
The rotor winding of autosyn 2721 is energized
from the 400C and 400G bus bars.

The gyro compass or directional gyro 1471 on
the pilot’s instrument panel is driven by the re-
ceiving autosyn 1472, the stator windings of
which are connected by conductors 916 and 811
with the stator windings of the transmitting
autosyn 818. The stator windings of the trans-
mitting autosyn 918 are also connected over
branches of conductors 916 and 917 with the
stator windings of the receiving autosyn {972
which drives the directional gyro 1971 at the
instructor’s desk. The rotor windings of the re-
ceiving autosyns 1472 and {972 and of the trans-
mitting autosyn 818 are energized from the 400C
and 400G bus bars.

The rotor of the fransmitting autosyn 918 is ;

driven through gears 919 from the output shaft
of differential gear box 920, one input shaft of
which is driven through gears 821 from the shaft
910 of the compass circuit and the other input
shaft of which is driven through gears 922 from
the continucusly rotating motor 923. Thus with a
constant heading of the simulated flight (no rate
of turn), the motor 923 will cause the directional
gyro compasses to rotate six degrees every fif-
teen minutes for the purpose of simulating the
action of the gyro compasses which require that
the pilot reset them with the magnetic compasses.

The compass motor control circuit in coopera-
tion with the true air speed variac TASV2 con-
trols the flight recorder motor control circuit of
Fig. 2 to in turn control the flight recorder 1900
at the instructor’s desk and, in cooperation with
the flight recorder motor control circuit, con-
trols the driff sight at the navigator’s station
as will later be described.

Resumption of straight line flight

To resume straight line flisht, the piloi: oper-
ates the left rudder pedal 1400 to thereby rotate
the brush of rudder potentiometer RP toward the
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No. 3 terminal of its winding and operates the
aileron wheel 415 to rotate the brush of aileron
potentiometer ALP toward the No. 1 terminal of
its winding. As a result of the movement of the
brush of potentiometer RP, potential of phase ¢2
applied from its brush, over the lower back con-
tact of ASN relay 404 and through resistance 405
to control conductcr 1061 of the rate of turn
motor control circuit is reduced to a value less
than that of potential of phase @1 applied to such
conductor and as a result the motor of the rate
of turn motor control circuit is operated to ro-
tate the shafts 1060 and 45i controlled thereby
in a direction indicative of a reduction of the
rate of turn. At the same time the movement
of the brush of aileron potentiometer ALP toward
the No. 1 terminal of its winding results in the
reduction of the value of the potential of phase
¢! applied from its brush over the inner upper
back contact of ASN relay 494 and through re-
sistance 420 to control conductor 1011 of the bank
motor control circuit to a value less than that of
the potential of phase ¢2 applied to such con-
ductor. As a result, the motor of the bank motor
control circuit is operated to rotate the shafts
1010 and 401 controlled thereby in directions in-
dicative of a reduction of the bank. When the
shafts of these motor control circuits rotate, po-
tentiometers RTP3 and BKP3 are made effective
so that when the rate of turn indicators and
bank indicators show a zero rate of turn and a
zero bank, the potentials applied to control con-
ductor (05f{ of the rate of turn motor control
circuit and to control conductor 1011 of the bank
motor control circuit will be balanced. If the re-
turn to level flight condition is executed correctly
the ball motor control circuit will be unaffected
and the turn and bank indicators will show no
movement of the balls thereof from their central
positions. As a further result with the brush of
the rate of turn potentiometer RTP3 now cen-
tered with respect to its winding, the condition
of zero rate of turn, no potential is applied
through resistance 327 to control conductor 80!
of the compass motor control circuit and the re-
mote indicating and magnetic compasses come to
rest. A turn to the left would be executed in the
manner previously described through the depres-
sion of the left rudder pedal (400 and by turning
the aileron wheel 1415 in a counter-clockwise di-
rection.

If during level flight the instructor should op-
erate the lateral center of gravity rheostat LCGR
toward the No. 1 terminal of its winding, indica-
tive of a right wing heavy condition as previ-
ously described, potential of phase ¢2 would be
applied from its brush over the circuit traced to
control conductor 10{{ resulting in the operation
of the bank motor control circuit until the bank
potentiometer BKP3 driven thereby applies suffi-
cient balancing potential of phase ¢l to conduc-
tor f0ili to stop the motor of the bank motor
control circuit. The bank indicators will now
indicate a right bank. Potentiometer BKP3 will
also apply potential of phase ¢l over the circuit
previously traced through resistance 325 to con-
trol conductor 96{ of the ball motor control cir-
cuit thereby causing such circuit to rotate the
brush of ball potentiometer BLP6 until sufficient
potential of phase 2 has been applied to the
control conductor 961 to balance the potential
of phase ¢l applied by bank potentiometer
BKP3. Ball indicators will now be moved to the
right through the operation of the ball motor
control circuit. The movement of the brush of
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ball potentiometer BLPT now applies potential of
phase ¢l, through resistance 418 to control con-
ductor 1061 of the rate of turn motor control
circuit whereupon the motor thereof rotates the
shafts 1060 and 451 in such a direction that the
rate of turn indicators show a turn to the right.
The motor of this circuit stops the rotation of the
shafts when the brush of potentiometer RTP3
reaches a position in which the potential of phase
92 applied therefrom through resistance 409 to
control conductor {061 balances the potential of
phase ¢! applied to such conductor by the ball
potentiometer BLPT. ’

To counteract this right wing down condition,
the pilot moves the aileron control wheel 1415
in a counterclockwise direction and pushes down
on the left rudder pedal 1460 thereby operating
the aileron and rudder potentiometers ALP and
RP in such directions as to apply potentials to
control .conductors 1011 and 1851 to cause the
bank and rate of turn motor control circuit to
return to positions in which the indicators con~
trolled thereby will indicate zero bank and zero
rate of turn. As a further result the ball motor
control eircuit is controlled to return the bhall in-
dicators to their neutral positions. To maintain
the corrected level flight condition, the pilot may
operate the aileron trim wheel AT and the rud-
der trim wheel RT to control the aileron and rud-
der trimming mechanisms (518 and (519 until
ne pressure Is required to hold the left rudder
pedal 1430 depressed and the aileron wheel 1415
turned in its operated position.

If a left wing heavy condition is simulated by
the operation of the lateral center of gravity
rheostat brush toward the No. 3 terminal of its
winding, the bank, rate of turn and ball motor
control circuits are similarly controlled but ro-
tate their shafts in the opposite directions where-
by the bank indicators show a left wing down
condition, the rate of turn indicators show 2 turn
to the left and the ball indicators move to the
left. To counteract this condition, the pilot must
depress the right rudder pedal 1404 and turn the
aileron wheel 1415 clockwise. The position to
which the pedal and wheel are moved may be
maintained through the operation of the rudder

and aileron trim wheels RT and AT in the proper,

direction to cause the trimming mechanisms 1518
and 1519 to apply the proper loadings.

When the wing heavy condition is removed at
the instructor’s desk by moving the slider of rheo-
stat LCGR to its center position, the rate of turn,
bank and ball circuits will reoperate since the
aileron and rudder controls have been so oper-
ated as to correct the simulated flight to counter-
act such condition. It is then necessary for the
pilot to reoperate the aileron and rudder con-
trols or change the trimming until the rate of
turn, bank and ball circuits operate the rate of
turn, bank and ball indicators to indicate a cor-
rected straight line flight condition.

Change of longitudinal center of gravity

As previously stated, one factor affecting the
angle of attack of the simulated flicht is the
longitudinal center of gravity rheostat LoCGR at
the instructor’s desk. It has been assumed that
the slider of this rheostat has been set by the
instructor to a position 33 per cent from the No.
3 terminal of its winding, indicating the normal
center of gravity of the aircraft the operation of
which is being simulated. If, for example, the
instructor should shift the slider to the 28 per
cent position to simulate a change in the  dis-
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tribution of weight as would be occasioned by the
moving of the crew from the rear, more poten-
tial of phase ¢! would be applied from the slider
of such rheostat through the winding of angle of
attack potentiometer AAP5 and consequently,
more potential of phase ¢ would be applied from
the brush of the latter potentiometer, through
resistance 521 to control conductor 1102 of the
angle of attack motor control circuit. As a con-
sequence the motor of this control circuit is
operated to rotate the shafts (110 and 50f in
directions indicative of a reduction in.the angle
of attack whereupon, potential of phase ¢l ap-
plied over the brush of the angle of attack po-
tentiometer AAP3, thence as traced through re-
sistance 780 to control conductor 1311 of the
piteh-bar motor control circuit is increased and
the motor of the latter circuit is operated to ro-
tate shafts 1310 and 7105 in directions simulat-
ing the nosing down of an aircraft. In response
to the rotation of shaft £310, the autosyns £325,
1462, 1562 and 1962 control the upward move-
ments of the horizon bars of the artificial horizon
instruments (464, {561 and (96 to indicate a
nosing down of the simulated flight. As before
described, the motor of the pitch-bar motor con-
trol circuit is brought to rest by the movement of
the brush of balancing potentiometer PBP§ in a.
direction to apply balancing potential of phase
92 to control conductor 1311.

To counteract this, the pilot pulls back on the
yoke {411 whereupon the brush of yoke potenti-
ometer YPi moves toward the No. 3 terminal of
its winding and increases the potential of phase
¢2 on the control conductor i§02 of the angle of
attack motor control circuit to cause the motor
of such circuit to rotate the shafts 1100 and 501
in directions indicative of an increase of the angle

. of attack. Thereupon the potential applied over
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the brush of angle of attack potentiometer AAP3
to control conductor 131 of the pitch-bar motor
control circuit is so changed in value as to cause
the motor of such circuit to rotate the shafts 1310
and 105 in directions to return the horizon bars
of the artificial horizon instruments to their
neutral or level flight positions.

Had the instructor shifted the slider of the
longitudinal center of gravity rheostat LoCGR
to the 38 per cent position to simulate a shif
of the longitudinal center of gravity aft, then the
angle of attack motor control circuit would have
been operated in such manner as to indicate an
increase in the angle of attack and the pitch-
bar motor control circuit would have been con-
trolled thereby to cause downward movements of -
the horizon bars of the artificial horizon instru-
ments (461, 1561 and 1961 indicative of a nosing
up of the simulated flight. 'To counteract this
the pilot pushes forward on the yoke 1411 where-
upon the brush of yoke potentiometer YP1 moves
toward the No. 3 terminal of its winding and.
applies a potential to the control conductor {102
of the angle of attack motor control circuit to
cause the motor thereof to rotate the shafts {100
and 501 in directions indicative of a decrease of
the angle of attack. Thereupon the potential
applied over the brush of angle of attack po-
tentiometer AAP3 to control conductor 131l of
the pitch~bar motor control circuit is so changed
as to cause the motor of such circuit to refurn
the horizon bars of the artificial horizon instru-
ments to their neutral or level flight positions.

When the slider of the longitudinal center of
gravity rheostat LoCGR is restored to its original

33 per cent position at the instructor’s desk, the
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potential applied from the brush of such rheostat
through the winding of the angle of attack po-
tentiometer AAPS is restored to the value which
it had pricr to the shift of the center of sravity
and as a consequence the potential applied to the
control conductor 1102 by the movement of the
yoke 1411 by the pilot to overcome the nosing-
down or nosing-up tendency imposed by the shift
in the center of gravity, over-balances.the po-
tential applied through the angle of attack po-
tentiometer AAPS and the angle of attack and
pitch-bar motor control cireuits are again oper-
ated to cause the horizon bars of the artificial
horizon instruments to show a nose-down condi-
tion if the pilot had corrected fcr a nose-up con-
dition or to show a nose-up condition if the pilot

ad corrected for a nose-down condition. Noting
the movement of the horizon bar, the pilot oper-
ates the yoke 1411 to control the angle of attack
and pitch-bay motor control circuits in the man-
ner previously described until the horizon bars
again indicate a level flight condition.

Change of weight

It will be assumed that the instructor now
maoves the slider of the weight rheostat WCR in a
direction to increase the weight from the assumed
45,000 pounds to 55,000 pounds. As a result, the
potential of phase ¢l applied from the brush
thereof over conductor 1364, through resistance
1383 to the control conductor 1362 of the weight
motor control eircuit is increased and in response
thereto the motor of such circuit rotates the
shafts 1365 and 717 to positions indicative of an
increase in weight. The brush of weight po-
tentiometer WF2 is therefore moved toward the
No. 3 terminal of its winding thereby increasing
the potential of phase ¢2 applied through resist-
ance 513 to control conductor {162 of the rate of
climb motor control circuit to a value greater
than the lift potential of phase ¢l applied to
conductor 1152 through resistance §97. There-
upon the motor of the rate of climb motor control
circuit is operated to rotate the shafts 1160 and
§51 in directions indicative of a reduction of the
rate of climb, or a dive condition. In response to
the rotation of shaft 1i60, the rate of climb indi-
cators 1441, 1541 and 1941 will show down in-
dications.

As a result of the movement of the brush of the
rate of climb potentiometer RCPI toward the No.
1 terminal of its winding, potential of phase ol
is applied over such brush and over the circuit
previously traced through resistance 129 to con-
trol conductor 1311 of the pitch-bar motor con-
trol circuit, and in response thereto the motor of
such circuit rotates the shafts 1810 and 705 in
directions indicative of a nose-down condition
which is indicated by the upward movements of
the horizon bars of the artificial horizon instru-
ments 1461, 1561 and {961.

The pilot can correct this condition by apply-
ing more power by pushing the throttles of the
overhead equipment forward until the artificial
horizon instruments indicate a return to level
flight. As the throttles are pushed forward, the
pbrushes of the throttle variacs 3019L and 3019R
are moved thereby changing the potentials in the
control circuits of Fig. 52 of the manifold pres-
sure motor control circuits of Fig. 41 as previously
traced. As a result the shafts 4110, 5201 and
4180, 5251 of the manifold pressure motor control
circuits assume new Dpositions. The manifold
pressure indicators 1724, 2327 and 2810 on the
pilot’s panel, Fig. 17, at the instructor’s. desk, Fig.
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23, and on the flight engineer’s instrument panel,
Fig. 28, driven by the autosyns from the shafts
4110 and 4160, now show an.increase in manifold
pressure. )

As previously described the readjustment of
the RMP4 and LMP4 potentiometers included in
the control cireuits of the R. P. M. motor control
circuits of Fig. 40, cause the shafts 5101 and §I51
of the R. P. M. units to assume new positions re-
sulting in an increase in speed of the tachometer
generators RTG and LTG and a consequent in-
crease of the speed indications on the tachometers
Jocated on the instrument panels of the trainer.
As the R. P. M. motor control circuits set the
shafts 4010 and 4080 into new positions com-
mensurate with the increase in the speed, the
sound effects circuits are controlled to produce
increased engine noises, new positions are given
to the fuel flow shafts 4801 and 4851, to the V/ND
shafts 4901 and 4951, to the brake horse power
shafts 5801 and 5¢54, to the K. P. M. memory
shafts 5401 and 5451, to the propeller pitch shafts
5501 and 5551, to the brake mean effective pres-
sure shaft 530f and to the thrust horsepower
shafts 5351 and 119.

As a result of the movement of the thrust
horsepower shaft 719, the brush of potentiometer
TPT is moved toward the No. 3 ferminal of its
winding thereby indicating an increase in thrust
horsepower. This results in the application of
more potential of phase ¢f over the circuit pre-
viously traced through resistance.637 to control
conductor 1216 of the indicated air speed motor
control circuit resulting in the operation of the

5 motor thereof to rotate the shafts 1210 and 68t

in directions indicative of an increase in air
speed. With an increase in air speed the brushes
of indicated air speed variacs TASV6 and IASV1
move toward the No. 4 terminals of their wind-

% jngs resulting in an increased potential of phase

@l applied over the circuit previously traced
through resistance 597 to control conductor i162
of the rate of climb motor control circuit. The
motor thereof now operates to rotate shafts 1160
and 551 in directions indicative of a climbing con-
dition whereupon the movement of the brush of
rate of climb potentiometer RCPI toward the No.
3 terminal of its winding causes the reduction of
potential of phase ¢, previously applied over its
brush to the control conductor 1311 of the pitch--
bar motor control circuit whereupon the motor of
that circuit operates to return the horizon bars
of the artificial horizon instruments to their neu-
tral positions indicative of a return to level flight.

Had the slider of the weight rheostat WCR
been moved in a direction to decrease the weight
from an assumed 45,000 pounds to 35,000 pounds,
the weight motor control circuit would have been
controlled to rotate the shaits 1368 and 11T to
positions indicative of a decrease in weight
whereupon the movement of the brush of weight
potentiometer WP2 toward the No. 1 terminal of
its winding would have caused a decrease in the
potential of phase ¢2 applied to control con-
ductor 1162 of the rate of climb motor control
circuit. In response to this decrease in potential
of phase ¢2 the motor of this circuit rotates the
shafts (160 and 551 in directions indicative of an
increase of the rate of climb to a climb condition
which is so indicated on the rate of climb indi-
cators. As a result of the movement of the brush
of rate of climb potentiometer RCP{ toward the
No. 3 terminal of its winding, potential of phase
92 is applied over such brush to control con-
ductor 1314 of the pitch-bar motor control cir-
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euit and in response thereto the motor of such
circuit rotates shafts 1310 and 765 in directions
indicative of a nose-up condition which is indi-
cated by the upward movements of the horizon
bars of the artificial horizon instruments.

" The pilot can correct this condition by reduc-
ing the power through the pulling back of the
throttles thereby reducing the speed of the en-
gines and the thrust horsepower output thereof
in the manner described. In this case the brush
of the thrust horsépower potentiometer TPT will
be moved toward the No. 1 terminal of its wind-
ing thereby reducing the potential of phase ¢2
applied thereover to control conductor 1216 of
the indicated air speed motor control circuit
resulting in the operation of the motor of such
circuit to rotate the shafts 1210 and 601 in direc-
tions indicative of a reduction in air speed. With
a reduction in air speed the brushes of the indi-
cated air speed variacs IASV6 and IASVI move
toward the No. 2 terminals of their windings re-
- sulting in a reduction of potential of phase ¢}
applied to control conductor {162 of the rate of
climb motor control circuit. The motor thiereof
now operates to rotate shafts (160 and 55f in
directions indicative of a diving condition where-
upon the movement of the brush of rate of climb
potentiometer RCPI toward the No. 1 terminal
of its winding causes a decrease of phase ¢2
potential previously applied over its brush to con-
trol conductor i31i of the pitch-bar motor con-
trol circuit, whereupon the motor of that circuit
operates to return the horizon bars of the arti-
ficial horizon instruments to their neutral posi-
tions indicative of a return to level flight. Under
these conditions the manifold pressure motor
control circuits will operate the manifold pres-
sure indicators to show a decrease in manifold
pressure- due to the reduced throttles and the
lower engine speeds.

Wing ice conditions

It will be assumed that the level flight condi-
tion which prevailed prior to the making of
changes in weight by the instructor now prevails
and that the instructor desires to simulate the
condition of wing ice. He first turns the setting
knob of the air temperature control .rheostat
OTR, shown in Fig. 25, in a counter-clockwise
direction for an outside air temperature of —10°
C. 'The movement of the slider changes the
value of the current flowing over the circuit from
the slider of rheostat OTR, through rheostat AR,
through the outside air temperature indicator
OT at the instructor's desk, through the outside
air temperature indicator 2813 at the flight engi-
neer’s instrument panel, Fig. 28, through the
outside air temperature indicator 1526 at the
co-pilot’s instrument panel and thence to the
brush of the altimeter potentiometer APS. As
a-result of the change in current flow the indi-
cators move their pointers from their former
positions indicating an outside air temperature
of +15° C. to positions indicating a temperature
of —10° C. )

The instructor then moves the slider of the
wing ice rheostat WIR to approximately the mid-
point of its winding thereupon increasing the
resistance in the circuit previously traced
through the winding of weight potentiometer
WP2 over which potential of phase ¢2 is applied.
As a result the potential of phase ¢2 applied from
the brush of potentiometer WP2 to control con-
ductor 1162 of the rate of climb motor control
circuit is increased and the rate of climb and
pitch-bar motor control circuits function in the
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manner previously described in connection with
the simulation of an increase in weight and the
operation of the brush of weight rheostat WP2.
The rate of climb indicators controlled by the
rate of climb motor control circuit now show a
down indication and the horizon bars of the arti-
ficial horizon instruments are raised by the
pitch-bar motor control circuit to show a nose-
down condition.

The pilot observing the nosing down and down
rate of climb indications proceeds to remove the
drag imposed by the simulated nosing down con-
dition by moving the throttles forward to secure
more power. The apparatus functions in re-
sponse to the throttle control in exactly the same
manner as previously described in connection
with the simulated addition of weight.

Simulated operation of de-icer

To simulate the operation of de-icing equip-~
ment to remove or prevent the formation of ice
on the wings of an aircraft, the de-icer motor
control circuit of Fig. 36 is provided. The motor
of this circuit rotates first in one direction and
then in the other hetween limit switches to cause
the de-icer indicators to oscillate from minimum’
to maximum. To control the motor circuit the
flight engineer operates the de-icer key 3326 and,
with DAI relay 3327 previously operated by the
closure of circuit breaker 3328, a circuit is estab-
lished for the IC relay 3329 which may be traced
from ground on bus-bar GB, over the lower con-
tacts of relay 3321, over the contacts of key 3326
and through the winding of relay 3329. Relay
3329 upon operating establishes a circuit from
ground over its upper contacts, over conductor
3333 of cable 3300 to battery through lamp
2262 at the instructor’s desk to indicate that
the de-icer has been started. Relay 3329 over
its lower contacts establishes an obvious circuit
for de-icer lamp 3331 on the flight engineer’s con-
trol panel to indicate that the de-icer is operat-
ing and establishes g circuit from ground over its
middle upper contacts and start conductor 3332,
over the upper back contact of D relay 3636 of de-
icer motor control circuit, Fig. 36, and through
the left shaded pole winding 3637 of the motor
3643 to ground thus shbért-circuiting such wind-
ing. With the main stator winding 3639 ener-
gized from the source of 115~-volt 60-cycle alter-
nating current, the motor 3640 operates and
through the reduction gear box 3641 rotates the
shaft 3642 in a direction to permit the Lt limit
switch contacts 3643 to close thereby closing an
obvious circuit for LL relay 3644. Relay 3644
upon operating connects ground over its upper
contacts to start conductor 3332 to insure that
the motor 3640 will return shaft 3642 to its nor-
mal position even though the flight engineer
should release the de-icer key 3326, and over its
lower contacts prepares a locking circuit for D
relay 3636.

After an interval simulating the time required
for the de-icing equipment of an aircraft to build
up a pressure of seven pounds, the L2 limit switch
contacts 3645 close thereby establishing an ob-
vious circuit for relay 3636 which operates and
locks over its lower contacts under the control
of relay 3644 and at its upper transfer contacts
opens the previously traced shunt of the left
shaded pole winding 3637 of motor 3540 and
closes a shunt around the right shaded pole wind-
ing 3638. The motor 3640 now rotates in the
opposite direction opening at the L2 limit switch
contacts 3645 the operating circuit for relay 363§
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and, after an interval simulating the time re-
quired for the de-icing equipment of an aircraft
toreduce the pressure to zero, the L limit switch
contacts 3643 are opened thereby releasing relay
3644 and in turn opening the locking circuit of
relay 3635 which also releases. With relay 383¢
released, the direction of rotation of nictor 3548
is reversed and the motor circuit repeats the
cycle of operations so long as the fiight engineer
maintains ground connected to start conductor
3332 by the operation of the de-icer key 3326.

In response to the movement of shaft 3542 the
rotor of the transmitting autosyn 3646 is rotated
first in one dirsction and then in the other. The
rotor winding of this autosyn is energized from
the 400C and 400G bus-bars and the stator wind-
ings thereof are connected over conductors of
cable 3647 with the stator windings of the receiv-
ing autosyn 2338 which drives the de-icer pres-
sure indicator 2339, Fig. 23, at the instructor’s
desk and cver the upper No. 4 and No. 5 contacts
of relay 3212 and over conductors of cable 3229
with the stator windings of the receiving autosyn
2857 which drives the de-icer pressure indicator

2808 on the flight engineer’s instrument panei, *

Fig. 28. The rotor windings of these receiving
autosyns are energized from the 483C and 833G
bus-bars. Under the control of the transmitting
autosyn 3846 the pointers of the de-icer pressure

indicators 2339 and 28&8 oscillate from a mini-

mum pressure indication of zero pounds to a

maximum pressure indication of seven pounds.
As a further result of the operation of IC re-

lay 3329 in response to the operation of de-icer

key 3326 a circuit is closed frocm ground over the

inner upper contacts of relay 332¢ and conduc-
tor 3334 of cable 3320 to batiery through the
anti-icer lamp 2263 at the instructor’s desk. The
rheostat 3333, which in an actual aircrafy controls
the anti-icer, is made ineffective in the trainer
by a short circuit of its winding.

It will now be assumed that the ice condition
is removed by the use of the de-icing mechanism
and that therefore the instructor returns the
slider of the wing-ice rhecstat WIR to its nor-
mal position adjacent the No. 3 terminal of its
winding. With the resis{ance of the rheostat re-
moved from the previously traced circuit through
the winding of weight potentiometer WP2, the

potential of phase ¢2 applied from its brush

through resistance 513 to control conductor {{&2
of the rate of climb motor control circuit is de-
creased and the motor cf the rate of climb motor
control circuit is now operated to rotate shafis
1160 and 551 in directions indicative of an up
rate of climb which will now be indicated by the
rate of climb indicators. As a further result of
the rotation of shaft 551 the rate of climb poten-
tiometer RCPI is readjusted to control the appli-
cation of potential to the control conductor 1311
of the pitch-bar motor control circuit whereupen
the motor thereof rotates the shafts {318 and
705 in directions indicative of a nose-up condi-
ton of flight which is now indicated by the de-
pression of the horizon bars of the artificial hori-
zon instruments.

The pilot observing the nosing up and up rate
of climb indicaiions corrsets this condition by
reducing the power by pulling back the throttles

of the overhead equipment thereby reducing the 7

speed of the engines and the thrust horse-power.
A reduction of the thrust horse-power results it
the reduction of the air speed, in the reduction of
the rate of climh to zero and in the return of the
horizon bars of the artificial horizon instruments
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to their neutral positions indicative of level flight
in the manner previously described in connection
with the consideration of a change in the weight
of the simulated aircraft. When a condition of
level flight is indicated by the instruments the
throttles are left in their adjusted positions at
which time the manifold pressure indicators will
indicate manifold pressures for both engines of
27.5 inches of mercury.

Siinulation of ice in the Pitot tube

In an aircrafi the air speed indicator is. op-
erated by a change in barometric pressure, pres-

. sure being supplied for operating it through a
7 Pitot tube.

If ice collects in the Pitot tube the
indicator will cease to function accurately. To
simulate this condition a Pitot ice key (923 at
the instructor’s desk, Fig. 19, is operated to the
“on” position establishing a circuit from ground
over its contacts, over conductor (924 to battery
through the winding of relay 1430. With relay
{430 operated the receiving aufosyns 1432, 1532
and 2732 are disconnected from the transmitting
autosyn 1225 driven by the indicated air speed
motor control circuit so that should the pilot push
the yoke (41{ forward to simulate a descent the
rate of climb, angle of attack, indicated air speed,
altimeter and pitch-bar motor control circuits
will function in the manner previously described
in connection with the climbing maneuver but
to contrel the indicators to indicate a down rate
of climp indication, g decreasing altitude and an
elevation of the horizon hars of the artificial
horizon instruments to indicate a nose-down at-
titude. But with relay 1430 operated the air
speed indicators 1431, 1531 and 2713 will show
1o increase in air speed which would result in
rvesponse fo the simulation of a diving maneuver.
The fact that the air speed indicators do not
function is indicative that ice has formed in the
Fitot tubes. Upon observing this condition the
pilot pulls the yoke 1411 back until level flight
is again indicated. )

To clear the ice from the Pitot tubes heaters

7 are provided in an aircraft. The functioning of

these heaters is simulated in the trainer. For
this purpose the left and right Pitot switches
172§ and {720 at the pilot’s pedestal are operated
to the “on” positions whereupon with PH relay
3335 operated by the previous closure of the cir-
cuit breaker 3236, a circuit is established from
ground on bus bar GB, cover the front contacts
of relay 3338, over conductor 3385 of cable 3380,
over the contacts of switches (129 and 1730 and
over conducters 1731 and (732 to kattery through
the left and righl Pitot heater on lamps 2607 and
2808 at the instructor's desk, Fig. 26. To dis-
continue the Pitot ice condition which would dis-
appear in response to the operation of the Pitot

* heaters, the Pitot key 1923 is movad to the “oft”

position releasing relay 1430. If the yoke I411 is
now moved forward to cause the operation of the
angle of attack, rate of climb, indicated air speed,
altitude and pitch-bar motor control circuits in
the manner previously described to simulate a
diving maneuver the air speed indicators (431,
{531 and 2131 will again be operated to show an
increase in air speed indicating that the Pitot
icing condition has been eliminated. The pilot
will then restore the heater switches 1729 and
{138 to their “off” pesitions thereby extinguish-
ing lamps 2587 and 2698. To simulate the rise in
temperature which would eliminate the icing con-
dition previously described the instructor may
row restore the outside air temperature rheostat
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OTR to its former position whereupon the outside
air temperature indicators OT at the instructor’s
desk, 1626 at the co-pilot’s station and 2813 on
the flicht engineer’s instrument panel, will
change their readings from —10° C. to --15° C.

Stmulation of rough air conditions

In flight through rough air the readings of the
artificial horizon, altimeter, ball, rate of climb
and rate of turn indicators will vary erratically
and to simulate these conditions the circuits and
apparatus disclosed in Fig. 8 have been supplied
for the trainer. This apparatus and the manner
in which it functions has been fully disclosed in
the Germanton Patent 2,460,743, but a brief de-
scription thereof will ke given herein. The ap-
payatus comprises two motor driven sequence
switches driven by the motors MRI and MR2 of
the shaded pole type. The sequence switches are
of the general type disclosed in Patent No.
1,127,808, granted February 9, 1915, to J. N. Rey-
nolds and C. P. Baldwin.

The motor MR{ has its main stator winding
energized from the 115-volt source of supply and
has its rotor geared through the reduction gear
box 826 with the driving shaft 828 of a first
sequence switch having the contact closing cams
805 to 824, inclusive. The motor MR2 has its
main stator winding energized from the 115-volt
source ¢f supply and has its rotor geared through
the reduction gear box 802 with the driving
shaft 804 of a second sequence switch having
the contact closing cams 829 to 843, inclusive.
Each of the sequence switches has eighteen con-
tact closing positions each of which positions
may provide different circuit combinations. It
can be designed to stop in any one of the posi-
tions. Cams 885 to 824, inclusive, and cams 838
to 843, ineclusive, are so cut that in any contact
closing pesition, indicated by the small numerals
placed on either side of such cams, the contact
hecomes closed 5 degrees before the indicated
position is reached and is again opened 5 degrees
after the indicated position is left. ¥Yor exam-~

ple, referring to cam 815, the position marked

“1” becomes closed in position 34 and becomes
opened in position 1%. Cam 829 is so cut that
it is closed in all positions except when the switch
is centered in any one of its regular stopping
positions.

The rheostats 1924 and 1925 and start key
1926 at the instructor’s desk, Fig. 19, control the
value of potentials of phase ¢! and phase ¢2
connected over conductors (928 and 1928 and
contacts of M relay 853 to cams 806 to 815, in-
clusive, and cams 816 to 824, inclusive.

When the instructor desires to introduce a
rough air condition into the simulated flight to
ascertain if the crew in training reacts correctly
to the imposed condition, he operates the key
1928 thereby establishing a circuit from ground
over its right contacts and conductor 1927, over
the upper No. 3 back contact of ASNI relay
403, over conductor 437 and through the wind-

ing of relay 853 to battery and ground. Relay ¢

853 thereupon operates to short-circuit one of
the shaded pecle windings of motor MR{ where-
upon such motor starts and through the gear box
825 rotates the cams 8085 to 824, inclusive, of the
first sequence switch. With key 1926 and relay
853 operated, potential of phase ¢lf, impressed
from the 48¢! bus bar through resistance 1533
and the winding of rheostat 1924, is applied from
the slider of such rheostat over the middle con~
tacts of key 182§, over conductor 1928, over the
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lower contacts of relay 853 and over the right
contact of cam 815 to all cams of the group 883
to 815, inclusive, and potential of phase ¢2 im-
pressed from the 4092 bus bar through resist-
ance {934 and the winding of rheostat 19285, is
applied from the slider of such rheostat over
the left contacts of key 1926, over conductor
1929, over the inner lower contacts of relay 853
and over the upper right contact of cam 824 to
all cams of the group 818 to 824, inclusive.

The cams of the sequence switches may be mn
any one of their eighteen contact closure posi-
tions at the time the motor MRI is started into
rotation but for clarifying the description it will
be assumed that the cams of the upper sequence
switch, which will be hereinafter identified by
the motor designation MRI, are driven into the
No. 1 contact position when the motor is started
as just deseribed and that the cams of the sec-
ond sequence switch, which will hereinafter be
identified by the motor designation MRZ2, are
standing in the No. 1 contact position. As the
switch MRI passes through positions 1 and 2 a
circuit is established from the ¢2 source con-
nected to cam 87, over its upper left contact
closed in positions 1 and 2, over the lower left
contact of cam 841, the right contact of cam
843, through resistance 846 to ground and a de-
rived potential is applied over conductor 847 and
through resistance 526 to control conductor {102
of the angle of attack motor control circuit. The
application of this potential causes the motor of
the angle of attack motor control circuit to rotate
the shafts {110 and 50i in directions indicative
of an increase in the angle of attack. As previ-
ously described the angle of attack motor con-
trol circuit affects the rate of climb, the alti-
meter, indicated air speed and the pitch-bar mo=
tor control circuits and therefore the rate of

' climh, altimeter, indicated air speed and the

artificial horizon instruments are controlled to
indicate the effect imposed by the rough air cir-
cuit.

As the switch MRI{ passes through positions 1
and 2 a circuit is also established from the phase

-p2 source connected to cam 824, over the upper

left contact of cam 816, the lower contact of cam
831, the right contact of cam 834, through re-
sistance 848 to ground and a derived potential
is applied over conductor 849 and through resist-
ance 438 to control conductor 1061 of ths rate
of turn motor controel circuit whereupon the mo-
tor of this circuit rotates the shafts {060 and
45{ in directions indicative of a tendency to
turn to the left or reduce the rate of turn to the
right. 'This tendency will appear as a change
in the readings of the rate of turn indicators.

As the switch MRJ{ passes through positions
1 to 3%, inclusive, a circuit is also established
from the phase ¢! source connected to cam 815,
over the upper left contact of cam 809, over the
lower left contact to cam 837, the lower right
contact to cam 836, through resistance 858 to
eround and a derived potential is applied over
conductor 851 and through resistance 439 to con-
trol conductor {811 of the bank motor control
circuit whereupon the motor of that circuit ro-
tates the shafts 100 and 401 in directions in-
dicative of a tendency to bank for a turn to the
left. This tendency will appear as a change i
the reading of the artificial horizon instru-
ments and through the control of the ball motor
control circuit will cause the balls of the ball
indicators to move.
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As the switch MRI{ passes through positlods
13 to 14%%, inclusive, a circuit is established from
the phase ¢l source connected to cam 815, over
the upper left contact of cam 8017, over the lower
ieft contact of cam 83%, over the right contact of
cam 834, through resistance 848 to ground and
over conductor 859 to conftrol conductor 1061 of
the rate of turn motor control circuit. Since po-
tential of phase ¢l is now applied the rate of turn
motor control circuit is operated in the opposite
directicn of rotation from that previously de-
scribed to cause reverse seftings of the rate of
turn indicators.

As the switeh MR nasses through positions 15
to 17Y%, inclusive, a eircuit is established from the
vhase o2 source of current connected to cam 824,
over the upper right contact of cam 8{6, over the
lower left contact of cam 831, the right contact of
cam 824, throuch resistance 848 and over con-

ducter 242 to control conductor (66! of the rate :

of turn motor control circuit. Since potential of
phase ¢2 is now applied to the control conductor
the motor of the rate of turn motor control cir-
cuit is controlled to operate in the opposite di-

rection of rotation to that just described resuit- 2

ing in reverse settings of the rate of turn in-
dicators.

As the switch MR passes through positions 15
to 18, inclusive, a cireuit is establiched from the

phase pi source connected to cam 815, over the °

lower left contact of cam 8!8, over the lower left
contact of cam 841, over the right contact of
cam 843, through resistance 84§ and over con-
ductor 847 to the control conductor 1102 of the

angle of attack motor control eircuit. Since*po- '

tential of phase ¢l is now applied the motor
thereof Is controlled to operate in the opposite
direction of rotation from that previously de-
seribed resulting in reverse settings of the rate

of climp, altimeter, indicated air speed and the ™

artificial horizon instruments.

As the switch MR{ passes through position 17
a circuit is established from ground over the
lower left and upper right contacts of cam 805,
through the winding of relay 852 to battery and
ground whereuron relay 852 operates and locks
in a circuit through its winding, over its upper
contacts, over the right contact of cam 830 of
sequence switch MR2, closed in position 1, to
ground over the lower contact of cam 829 until
switch MRZ has been advanced out of position 1.
Relay 852 alsc establishes a circuit from ground
over the lower contact of cam 829, over the left
contact of cam 839, the upper left and lower right
contacts of carma 805, over the lower contacts of
relay €52 and through the left shaded pole wind-
ing of motor MRZ. Motor MR2 now operates
when switch MR! passes through position 1834
and through the reduction gear hox 802 rotates
shaft 334 and the cams 829 to 843, inclusive, of
the seeond sequence switch from position 1 into
rosition 2. As the cam 829 rotates it closes a cir-
cuit from ground over the contacts thereof and
threugh the shaded pole winding of motor MR2
until cam 828 has moved to a position indicative
that the cams of the switeh driven by motor MR2
have been centered in tha stopping position 2.
Motor MR2 then stops and relay 852 releases.

With switch MR2 now in position 2 the rota-
tion of switeh MR| through another complete
revolution again establishes circuits from the
phase ¢{ and phase 2 sources to conductors 847,
845 and 25! and when it again reaches position
17 ryelay &5

is again operated followed, when

34}

by

. wind direction.

84

switch MR! reaches position 1834, by the oper-
ation of motor MR2 and the advance of switch
MR2 into position 3 in the manner just described.
In this manner switch MRI makes successive
revolutions and switch MR2 is advanced from
position to position so long as the instructor
maintains key 1926 operated.

The control exercised over the angle of attack,
ball, rate of climb, pitch-bar rate of turn and
bank motor control circuits during one complete
cycling of the switches MR and MR2 is fully set
forth in the application of Germanton, Serial No.
542,982 hereinbefore referred to. While the ef-
fects of the rough air circuit upon the elevator,
aileron and rudder trimming mechanisms {57,
{5{8 and (519 by which loading is applied to the
yoke, aileron and rudder controls is not illus-
trated, such effects may be applied as are dis-
closed in the Germanton application. It is to be
noted that the intensity of the rough air effects
may be controlled by the adjustment of the sliders
of the rheostats 1924 and 1925. The pilot in re-
sponse to the instrument indications will attempt
to counteract the conditions imposed by the
rough air circuits by the operation of the yoke,
aileron and rudder controls. When the key 1826
is released, the rough air circuit ceases to function
following the release of relay 853 and the irreg-
ular movements of the indicators cease.

Operclion of the flight recorder

For the purpose of recording the simulated
flight which is conducted in response to direc-~
tions given by the instructor, a flight recordsr
1820 is provided at the instructor’s desk which is
capable of movement over a chart placed on the
upper surface of the desk. To start the flight re-
corder, the instructer operates switch {835 form-
ing a part of the recorder {900,

The ground speed of an aircraft in flight is de~
termined by the true air speed as modified hy the
effect of the wind velocity and the direction of
the actual track of the aireraft is determined by
the béaring of the aircraft as modified by the
In the trainer the true air spzed
of the simulated flight is determined hy the truc
air speed motor control circuit of Fig, 7 as pre-
viously described, which is instrumental in posi-
tioning the shaft 713 and thus adjusting variac
TASV2 in accordance with the true air speed.
The bearing of the simulated flight as determined
by the steering contrcls of the trainer, is deter-
mined by the compass motor control cireuit of
Fig. 9 which is instrumental in positioning the
shaft 819 and through gears in pasitioining the
rotor of the transmitting autosyn ASC. The
winding of variac TASV2 is conunected hetween
the 40 of and 48 ¢2 bus bars and potential! of
either phase ¢l or phase ¢2 derived at the brush
of such variac is applied through the rotor wind-
ing of the autosyn ASC. The rotation of the ro-
tor of this autosyn by the compass motor control
circuit causes the variation of potentials induced
into its three stator windings in a measure pro-
portional to the rate of change of the compass
bearing and causes the strength of such poten-
tials to be varied proportionally to the change in
the true air speed.

Since the track of the simulated flight is de-
termined not only by the air speed and fight
bearing but also by the wind velocity and direc-
tion, provision is also made for introducing these
factors into the control of the flight recorder.
For this purpese two variacs WVVI and WVV2,
the sliders of which are adjustable in accordance
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with the assumed wind velocity, and a trans-
mitting autosyn DWA, the rotor of which is ro-
tatable in accordance with the assumed wind di-
rection, are provided at the instructor’s desk.
Potential of phase ¢l is applied across the wind-
ing of variac WVVI, a potential derived from the
slider thereof is applied across the winding of
variac WVV2 and potential derived from the
slider of the latter variac is applied through the
rotor winding of autosyn WDA. The adjustment
of the sliders of the variacs and the rotation of
the rotor of the autosyn causes the variation of
the potentials induced into the three windings of
the stator of autosyn WDA in a measure propor-
tional fto the change of wind direction and
causes a change of the strength of such poten-
tials preportionally to the change in the wind
veleeity.

The stator windings of autosyn WDA are con-
nected over conductors 1936, 1337 and {938 with
the left windings of transformers 328, 32§ and
338, the right windings of which transformers
are connected between the siator windings of
autosyn ASC and the corresponding stator wind-
ings of the control transformers CTI and CT2
whereby the potentials in the corresponding
windings of the transmitting autosyns ASC and
WDA. are added and applied to the windings of
the control transformers. The rotors of the con~
trol transformers are driven thrcugh gears 331
and 332 from the shaft 398 which is driven
through gears 319, the reduction gear box 3ti
and the gears 312 by the servo-motor M3. The
gear trains 331 and 332 have the same ratio and
- therefore the rofors are driven at the same speed
but they are positioned in quadrafure with re-
spect to each other.

The potential induced into the rotor winding
of the control transformer CTI is applied over
eonductors 333 and 334 to the input circuit of the
amplifier circuit AMP! comprising the two volt-
age amplifier tubes VT and VT2 connected in
cascade, a dual triode tube VT3, one unit of
whieh serves to invert a portion of the output of
the other unit thereof and two amplifier tubes
VT4 and VTS connected in push-pull relationship
between the output circuits of the tube VT3 and
the primary windings of the ocutput transformer
261. Tilament heating current is supplied to the
tubes of amplifier circuits AMPI and fo the cor-
responding tubes of amplifier circuit AMP2 from
the lower secondary winding of power trans-
former 282. Anode potentials for the voltage
amplifier tubes VT and VT2 and the correspond-
ing tubes of amplifier circuit AMP2 are supplied
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from the upper secondary winding of trans- -

former 202 through the rectifier tube VT8, and
screen grid potential is supplied to the tubes VT4
and VTS and to the corresponding tubes of am-
plifier circuit AMP2 through the rectifier tube
VT8 and the rheostat 203. The filaments of the
rectifier tube VT8 are heated by current sup-
plied through the middle secondary winding of
transformer 282. Anode potential for tubes VT,
VT2 and VT3 and the corresponding tubes of am-~
piifier circuit AMP2 is supplied from the plate
hattery 204.

The potential amplified by the amplifier cir-
cuit AMPI and impressed npon the primary wind~
ings of output transformer 281 is applied from
the secondary winding of such transformer over
conductors 285 and 206, across the control phase
winding of the stator of servo-motor M3, the other
stator winding of which is energized over con-
ductors 207 and 208 from the left secondary
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winding of power transformer 209. So long as
there is an output potential from the amplifier
circuit AMPI, both phase windings of motor M3
will be energized and the motor will operate ro-
tating the shaft 309 at a slow speed in one diree-
tion or the other dependent upon the polarity of
the potential received from the rotor winding of
the control transformer CT1 with respect to the
instant polarity of the potential applied to the
other phase winding of motor M3. The rotation
cof shaft 309 results in the rotation of the rotor
of control transformer CTI until it assumes a
positicn in which the potential induced into its
winding becomes zero at which time the con-
trol phase winding of motor M3 receives no poten-
tial and the motor comes to rest.

The rotation of shaft 309 in addition to rotat-
ing the rotors of control transformers CTI and
CT2, also, through the géars 808 rotates the rotor
of transmitting autosyn FRA for controlling the
orientation of the flight recorder {950 of Fig. 18.
The rotor winding of this autosyn is connected
over conductors 335 and 338 and over terminals
on the cross-connecting rack 1936 with the rotor
winding of the receiving autosyn (not shown) of
the flight recorder, these windings both being
energized by current from the secondary wind-
ing of power transformer 208. The stator wind-
ings of the transmitting autosyn are connected
over conductors 337, 338 and 339 and over other
terminsgls on the cross-connecting rack 1926 with
the stator windings of the receiving autosyn of
the flight regorder. This receiving autosyn is
thus controlled by the transmitting autosyn FRA
to orient the steering wheels of the flight re-
corder in accordance with the true track of the
simulated Aight course. The flight recorder is
disclosed and described in more detail in the
Holden Patent 2,486,784.

At the time the rotor of control transformer
CTl is rotating to a position in which the po-
tential induced into its winding is reduced to zero,
the rotor of control transformer CT2, being
mounted in quadrature with respect to the rotor
of transformer CTI, receives an increasing in-
duced potential from its associated stator wind-
ings. 'This potential is applied over conductors
209 and 210 across the input side of the amplifier
circuit AMP2, is amplified thereby and impressed
through the output transformer 211 across the
control phase stator winding of the servo-moior
M2, the other phase stator winding of which is
supplied with potential from the secondary wind-
ing of the power transformer 209 over the nor-
mally closed contacts of the limit switches 212
and 213. The motor M2 therefore operates and
through the reduction gear box 2{4 rotates ihe
shaft 215.

The motor M2 will rotate the shaft 2(5 in one
direction or the other dependent upon the po-
larity of the potential received from the rotor
winding of control transformer CT2, as amgdi-
fied by the amplifier circuit AMP2, and impressed
upon the control phase winding of motor M2 with
respect to the instant polarity of the potential
applied to the other phase winding of the motor
209. This polarity dif-
ference will in turn depend upon whether the
summation of the movements of the rotors of
autosyns ASC and WDA is in one or the other
sense.

As the shaft 215 rotates it moves the brush of
potentiometer 216, the winding of which is ener-
gized by potential applied thereto from the source
of supply through the windings of transformer
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2{1. This potential, because of the associaticn of
resistance 218 and condenser 24§ withh the win
ings of transformer 2i7, is displaced 180 degrees
in phase with respect to the phase of the &
tial impressed from the winding of the r Ui
control transformer CT¢ upon the input sice
of the amplifier circuit AMP2 and consequent
the poteniial derived from potentiometer
through the adjustment of its brush by motor M%
and applied to the input side of the amplifier cir-
cuit tends to gradually balance the potential ap-
plieg from the rotor winding of coatrel trans-
former CT2 and to cause the speed of motor M2
io hecome gradually reduced until the rotor of
control transformer CT2 comes to rest at such
iime as the potential induced info its winding and
applied to the input side of the amplifier cireul
AWIPZ will be completely balanced by the
tential appiied through potentiometer 21X
potential will therefore he effective in the 1
ide of the ampiifier circuit and comssauenily
motor M will come to rest.
The potent

)

tial induced into the rowor wi
of eonirel transformear (T2 being a s
the potentials impressed upon the wir
the rotors of autosyns ASC and WDA |
to changes in the true air speed of the &l
Aight and in the wind velocity the
rotation of shaft 2{5 by the motor
control of the control transformer C1's
ure of the change in the actual speed of
lated flicht. This rotation of shaft 2
ployed to control the interrupter 248 w
the manner discicsed in full in the Ho
ent 2,486,784, This interrupter itransmits im-

speed of the simulated ilight.
transmitted over conducter 228 and a terminal
the cross~-connecting rack {535 tc the trac
motor which drives the tractor wheel of the fligh
recorder,

if, for example, a fiight having an indicated
air speed of 120 knots and on a course 240 de-

set the wind velocity variac for a wind velocity
of 30 knots from a direction 90 desrees or east,
n the course traced by the flight recorder on
chart would be 346 degrees.

Drijt sight operations

For enabling the navigator to secure practice
in taking drift sights by which the efiect of the
wind in deflecting the aircraft from its intend-
ed line of fiight may be determined in order that
adeguate correction may be made in the head-
ing of the aircraft to compensate for the wind,
the trainer is provided with the drift sight mech-
anism disclosed in Fig. 27. A common type of
arift sisht used on aircraft comprises a sight
tube rotatable about its axis the amount of rota-
tion heing readable by a pointer carried thereby
movable over an azimuth scale. The sight tube
is provided with a set of sighting hairs. Ordi-
narily this drift sight is mounted on the wind-
ward side of the aircraft and is sighted on an
chject directly beneath the aircraft and while
the object is going outboard and aft the naviga-
tor maintains a steady compass bearing and
speed. The observer follows the object with the
sight tube during its apparent movement and
notes on the scale ifs relative bearing after thirty
or forty seconds of flight.

For simulating these conditions a drift sight
of this general character has been modified for
use in the trainer and is schematically disclosed
in Fig. 27. This drift sight comprises a sight
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tube 2790 rotatable about its axis and having
cross hairs lighted by the lamp 2731 to a desired
intensity by current supplied through the right
secondary winding of power transformer 2762,
over contacts of the switch 2793 and through
the regulating rheostat 27¢4. Since in the simu-
lated flight the trainer dces not move, move-
ment with respect to terrain is simulated by a
rotatable drum 2795 having a landscape and a
seascape depicted on its outer peripheral surface
which may be viewed through the sight tube.
The drum is rotatable by the mctor 273z so that
the land or the seascape passes beneaih the sight
tuke at a speed commensurate with the air spsed
of the simulated flight. This motor is driven hy
power supplied from the right secondary wind-
ing of transformer 2792 through switch 2783.
Zither the land or seascape may be selected for
observation by movement of the drum axially
along its axis of rotation. The drum 2783 is
provided with small perforations thervethrougzh
through which light from the lamp 2799 may
shine in simulation of light which might appear
on land or on ships or lighthouses at sea if viewed
during a night flight.

For illuminating the outer surface of drum
2795 if a daylight flight is being simuiated the
lamp 2798 is provided. Either the lamp 2738 or
the lamp 2799 may be lighted dependent upon
whether the simulated flight is assumed to be
made during daylight or at night by the cpera-
tion of switch 27692 which connects either lamp
circuit with rheostat 2797 over the contacts of
switch 2793 and through the right secondary
winding of power transformer £782. The bril-
Haney of illumination may be adjusted by the
rheostat 2787.

For orienting the drum 2735 ahcut a vertical
axis, motor 2761 of the shaded pole type is pro-
vided, the rotor shaft of which is connected
through the reducticn gear hox 2762 and the gears
2763, 2764, 2765 and 2766, with the shaft upon
which the iframe supporting the drum 2755 is
mounted whereby the drum may be oriente:d at
a very slow speed in either direction. The mo-
tor also drives the brush of halancing poten-
tiometer 2787 through the gears €783 and 2709,
The winding of this potenticnieter is encrgived
from the secondary winding of the transiormer
2770 the mid-point of which is grounded where-
by potential of phase ¢l is appiied to one terminal
of the potentiomeier winding and wnetential of
the other phase 92 is applied to the other termi-
nal of such winding.

For controlling the motor 278! two gas-filled
tubes 277( and 2712 are provided. The control
grids of these tubes ares connected to an input
civeuit extending through the secondary wind-
ing of the input transformer 2773. Ancde poten-
tial of phase ¢l is supplied to the ancde of tuhe
2771 over the richt portion of the secondary
winding of transformer 2702, through resistance
lamp 2774 and choke coil 2775 and potential of
the other phase ¢2 is supplied over the left por-
tion of the secondary winding of fransformer
2792, through resistance lamp 2773 and cholke
coil 27771 to the anode of tube 2777, Petential
of phase of is also impressed upon the pri:
winding of transformer 2778 and applied from ths
secondary winding thereof to the filament heai-
ing circuit of tubes 2TT{, 27712 and 2712 and in
a circuit through the winding of hias adiusting
rheostat 2788 and across the anode-cathode poth
thrcugh rectifier tube 2179, Grid hiasing poten-
tial derived from the rheostat 2782 is applied
through the secondary winding of input trans-
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former 2713 to the control grids of tubes 2771
and 2712,

The main stator winding 2783 of motor 2761
is energized from the right or phase ¢l portion
of the secondary winding of transformer 2792 and
the shaded pole windings 2181 and 2782 are con-
nected in series between the grounded mid-point
of the secondary winding of transformer 2792 and
the cathodes of tubes 2771 and 2712 whereby,
when tube 277{ is conducting, the circuit through
the shaded pole windings of motor 2761 is com-
pleted over the cathode-anode path through tube
2711 and thence as traced through the right por-
tion cr phase ¢! portion of the secondary winding
of transformer 2792 and, when tube 2772 is con-
dueting, the circuit is completed over the cathode-
anode path through tube 2772 and thence as
traced through the left or phase ¢2 portion of
the secondary winding of transformer 2782. Thus
if tube 277! is conductinng the motor 27161 will
rotate in one divection and if tube 2772 is con-
ducting the motor will rotate in the opposite
direction.

Potential is impressed upon the primary wind-
ing of the input transformer 2773 under the con-
trol of drift sight control potentiometer DSP, Fig.
3, which is driven through the differential gear
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box 828, one input shaft of which is driven -

through gears 341 from shaft 218 driven by the
motor M8 of the compass motor control circuit
and the other input shaft of which is driven
through gears 3452 from the shaft 309 driven by
the motor M3 of the fiight recorder motor control
givcuit. The winding of potentiometer DSP is
bridged acress the 48¢l and 4002 bus bars and
the brush of such potentiometer is connected over
conductor 3£2, through the primary winding of
transformer 2773, to the brush of balancing
potentiometer 2167.

To enable the navigator to determine the
amount of the wind drift through the use of the
wind drift sight apparatus, which drift is deter-
nined by the wind direction and velocity factors
which the instructor has introduced by the oper-
ation of the wind direction autosyn WDA and the
wind velocity variacs WVVI and WVV2, it is nec-~
essary to subtract the compass heading of the
simulated fiight which is indicated by the rota-
tional position of shaft 918 in response to the
compass motor control circuit, from the true
flight heading of the simulated flight which is
indicated by the rotational position of shaft 369
and by which shaft the autosyn transmitter FRA
is driven to orient the flight recorder. This is
accomplished by the differential gear box 340.

When the wind drift control circuit of Fig. 27
is in balance potential applied from the brush of
potentiometer DSP over conductor 343 to the
upper terminal of the primary winding of input
transformer 2713 and potential applied from the
brush of balancing potentiometer 2757 will be
opposite in phase but of the same potential value
and consequently no current will flow through
the primary winding of transformer 2713 and no
controi potential will therefore be impressed upon
the control grids of tubes 2771 and 2772.

It will be assumed that the brush of potentiom-
ster DSP is moved in a clockwise direction where-
by the potential of phase ¢l applied to the upper
terminal of the primary winding of transformer
2773 is increased and the potfential of phase ¢2
appiied to such terminal is decreased. As the
result of the predomination of potential phase ol,
current flows through the winding of transformer
2715 and potential of phase ¢2 is impressed upon
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the control grids of tubes 277§ and 2772. At the
same instant potential of phase ¢l is impressed
upon the anode of tube 2717{ and potential of
phase ¢2 is impressed upon the anode of tube
27712 {rom the secondary winding. of transformer
2182. The signaling potential during each posi-
tive half cycle thereof makes the potential on the
grids of tubes 2771 and 2772 less negative or more
positive with respect to the cathode whereby these
tubes become prepared for firing, but at that
instant the anode of tube 2771 will be negative
since it has potential of phase ¢i impressed
thereon, which is 185 degrees out of phase with
the signaling potential impressed upon the grid,
and tube 271§ will not therefore fire. However,
ab the same instant the anode of tube 2772 will be
positive since it has potential of phase ¢2 im-
pressed thereon wiiich is in phase with the signal
potential impressed upon the grid and conse-
quently tube 2772 will five.

With tube 2712 now conducting alternating
current of phase ¢2 is applied through the shaded
pole windings 2781 and 2782 of the motor 2751
and since the main stator winding 2783 is ener-
gized by current of phase ¢l over the right por-
tion- of the secondary winding of transformer
2792 the motfor turns in a direction determined
by the phase displacement of the main stator
winding and the shaded pole windings and
through the gearing, previously described, orients
the drum 2185. The motor also through the gears
2768 and 2769 causes the movement of the hrush
of balancing potentiometer 2767 in such a direc-
tion as to tend to balance the control circuit.

It will be assumed that the brush of potentiom-
eter 2i67 is driven in a clockwise direction to
increase the potential of phase ¢i{ supplied to
the lower terminal of the primary winding of
transformer 2713 and to decrease the potential of.
phase ¢2 applied to such terminal. As the pre-~
dominance of potential of phase ¢i applied to the
lower terminal of transformer 27173 increases as
the brush of potentiometer 27187 moves, the cur-
rent flowing through the primary winding of
such transformer decreases and the signaling
potential applied to the grids of tubes 277( and
2772 decreases until when the brush of potenti-
ometer 2767 has moved until the predominant
potential of phase ¢l applied from the brush of
potentiometer 2767 balances the potential of
phase ¢! applied from the brush of potentiometer
DSA, no current flows in the primary winding of
transformer 2773 and no signaling potential is
applied to the grids of tubes 2771 and 2772. Tube
2712 now ceases to fire and the motor 2761 comes
to rest. The drum 2785 has now been oriented
to an angular position indicative of the winda drift.
As the simulated flight proceeds the drift angle
is corrected in accordance with the changes in
the compass heading of the flight and the true
flight heading.

To take a wind drift sight the navigator closes
the switch 2793 and operates the switch 2760 to
either its upper or lower position depending upon
whether a day or a night flight is being simulated.
Closure of switch 2793 causes the motor 2796 to
rotate the drum 2795. The navigator then ro-
tates the sight tube 2798 until a spot on the land-
scape or seascape appears to move parallel to
the sight hairs, the angular movement of the
sight tube determining the wind drift which
may be read from the position of the index
pointer carried by the sight tube with respect
to the fixed azimuth scale. Under the flight
conditions previously assumed which caused the
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filght recorder 1803 fo trace a course 346 degrees,
the wind drift should be 14 degrees (left).

It will now be assumed that the pilot is di-
vected to simulate a flight at an altitude of 7600
feet. In response to such instructions the pilot
pushes both throttles forward until the manifold
pressure indicators read 35 inches mercury. This
will result in the manner previousiy described
in an increase of the simulated engine speeds as
indicated by the fachometers and the readjust-
ment of the thrust horse-power shaft {9 indic-
ative of an increase in thrust horse-power. The
pilot will then pull the yoke 1411 back for climb-
ing until the altimeters indicate that an altitude

of 7000 feet has been attained when he will push ::

the yoke (441 forward until level flight is at-
tained as indicated by the zero readings of the
rate of climb indicators.

‘The repositioning of the shaft {269 of the

altimeter motor control circuit has now caused 24

the movement of the brush of potentiometer APS
in such a direction as to reduce the current flow-
ing in the circuit previously traced from the
brush of such potentiometer, through the out-
side air temperature indicator #3526 on the co-
pilot’s instrument pansl, through the outside air
temperature indicator 2813 on the fiight engi-
neer’s instrument panel and through the outside
zir temperature indicator OT 'at the instructor’s

desk, to the slider of rheostat OTR whereupon

these indicators will show an air temperature
cf 41 degree C.

To simulate the high speed operation of the
surercharge blowers which would ke required for

a higher altitude flight of an aircraft, the flight &3

engineer now operates the supercharger switches
2818 and 2816, Fig. 29, from their low to their
high speed settings thereby establishing circuits
frem ground over the lower centacts of these
switches, over conducters 2821 and 2328 to bai-
tery and ground through the windings of SHL
(supercharger high speed relay for the left
engine) 5221 and the SHR (supercharger high
speed relay for the right engine) 5213. Relay

#3221 upon operating closes an obvious circuit for .-

SHIL relay 5222 and relay 52{3 closes an obvious
circuit for SHRI relay 5212. Over their upper
{ront contacts relays 5221 and 5213 also establish
circuits extending from ground over such con-

tzcts, over conductors 5223 and §224 and to bat- &

t=ry and ground through the lamps 2242 and
2283 at the instructor’s desk, indicating that
the superchargers for the left and right engine
nhave been set for high speed operation. The low
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speed lamps 2210 and 2211 become extinguished :x

when the switches 2918 and 2918 were operated
to disengage their upper contacts.

SHR! and SHLI relays 5212 and 5222 also
affect the manifold pressure motor contrel cir-

cuits to cause an increase of the indicated mani- @

fold pressure for the respective engines to simu-
late the increase in manifold pressure which
would result in an aircraft by increasing the
speed of the supercharger blowers. A higher
potential of phase ¢f is now applied to control
conductor 5642 of the manifold pressure motor
control circuit for the right engine. To derive
this potential, potential of phase ¢l is applied
from bus bar 40¢1 over conductor 3922 through
the winding of throttle variac 3819R to ground
and the potential derived therefrom is applied
over conductor 3824 through the winding of
altibude potantiometer APS and through resisc-
ance 5209 to ground. The potential derived from
the latter potentiometer is'applied over conductor
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5242, over the upper No. 1 contacts of ON relay
#3189, conductor §2{1, over the middle upper front
contact of relay 5212, through the winding of the
. P. M. potentiometer RRP3, over the lower
front contact of relay 5212 and through resist-
ance 5225 to ground. With relay 32{Z cperated
the right half of the winding cof potenticmeter
RRP3 is bridged over the inner ugper contacts
of relay 5212 through resistance 3:31. From the

uLdd.

+ brush of potentiometer RRP3 the derived po-

Ty

tential of phase i is applied over the wer lower
contacts of relay 5212, over coaductor 5216,
through the right engine manifold pressure rheo-
stat 2330, conductor 2331, over the lower front
contact of ESTI relay 5628 and to control con~
ductor 5642. The change in the resistance net-
work caused by the operation of relay 5212 is
eifective to cause an increase of tiie potential
applied to conductor 5642 over the potential
applied to conductor 5642 prior to the cperation
of relay 5212, Similarly the potential of phase
1 applied to the control conductor of the mani-
fold pressure motor controi circuit fcr the ieft
engine is increased. N

it will be noted that with relay 5212 operated
the right half of the winding of R. P. M. poten-
tiometer RRP3 is shunted by resistance 5227.
T his is to cause the manifold pressure to increase
at one rate at lower engine speeds when the brush
is engaging with the shunted half of the poten-
igmeter winding, and to increase at a higher rate
when the brush is engaging the unshunted half
of the winding, in simulation of the manner in
which the manifold pressure varies in accordance
with R. P. M. when the supercharger is being
cperated at high speed. Relay 5222 similarly
controls R. P. M. potentiometer LRP3.

The manifcold pressure motor control circuits
are thereupon operated to cause the rotation of
the shafts driven thereby indicative of an increase
in manifcld pressures and to cause the manifold
pressure indicators to show such increases in
manifold pressures. The manifold pressures are
now varied with the altitude, increasing as the
throtties open and increasing as the R. P. M. in-
creases.

As g further result of the operation of the SHR
and SHL relays 5213 and 5221, the circuits previ-
ously fraced for applying potentials of phase ¢l
to the control conductors of the brake horse-
power motor control circuits of Fig. 39 are changed
to simulate the reduction of the brake horse-
power ouiputs of the engines of an aircraft due to
the extra power consumed in running the super--
charger blowers at higher speeds. For example,
with relay 5213 now operated, potential of phase
pf is now applied from the brush of manifold
pressure potentiometer RMPI{, over conductor
5635, over the middle lower front contact of relay
$213, through resistance 5226, over conductor 5218
to the brush of the R. P. M. potentiometer RRP{
and over the potential divider extending from
ground through the RRPI potentiometer winding,
over conductor 5013, over the lower front contact
of relay 5213 and through resistance 5220 to
ground, and from a point between resistance 5226
and this potential divider, through resistance 5006
to the control conductor 5007 of the brake horse-
power motor control circuit for the right engine.
A similar circuit is established to control conduc-
tor 5057 of the brake horse-power motor control
circuit for the left engine by the operation of SHL
relay 5221. These motor control circuits are now
controlled by the manifold pressure potentiom-
eters RMPI and LMPI and the R, P. M. poten-
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tiometers RRPI and LRP{ to show increases in
the brake horse-power as the manifold pressures
increase and increases in the brake horse-power
as the R. P. M. increases but, as the R. 2. M.
increases above a certain amount, the resistance
networks cause the brake horse-powers to fall off
as would he the case in an actual aircraft.

As g result of the increase in manifold pres-
sures due to the simulation of the increased speed
of the supercharger blowers and the increase in
the simulated brake horse-power outputs of the
engines, the thrust horse-power motor control
circuit of Fig. 42 is controlled to rotate its shaft
4265 and the shaft T19 into positions indicative
of an increase in thrust horse-power, thereby in
the manner previously described, causing the
indicated air speed motor control circuit of Fig.
12 to operats the shafts 1210 and 601 in directions
indicative of an increase in air speed. This in
turn results in the control of the rate of climb
motor control circuit to operate the shafts (160
and 851 in directions indicative of an increase in
the rate of elimb which the pilot will note from
the rate of climb indicator. The pilot may now
resume level flight by pulling back both throttles
to reduce the manifold pressures and thus the
speeds of the engines, the thrust horse-power and
the indicated air speed until the rate of climb
metor contrel circuit controls the rate of climb
indicaters to indicate a zero rate of climb. Level
fiight is thus resumed without changing the posi-
tion of the yoke 1411,

Manual propeller control

It will now be assumed that the right and left
propeller control switches 1816 and {817 on the
pilot’s pedestal, Fig. 18, are operated from their
upper or automatic positions to their normally
open or manual positions thereby opening the
circuit of the AUT relay 5609 at the right engine
control circuit, Fig. 56, and the circuit of the
corresponding relay at the left engine contro] cir-
cuit, ¥ig. 45. These relays thereupon release in
turn establishing the circuits of the MAN relays,
such as 8810, at each control circuit. Relay 5609
upon releasing also establishes the circuit previ-
ously traced over conductor 4321 for relay 4320
of the R. . M. memory motor control circuit for
the right engine which relay, upon operating,
opens the circuit of motor M43 to prevent further
cperation of such motor control circuit. The
R. P. M. memory motor control circuit for the left
engine is similarly controlled from the left engine
control cireuit of Fig. 45.

Relay 5610 upon operating disconnects ground
from conductor 5611 of cable 5680 to extinguish
the automatic propeller pitch lamp 2107 and over
its lower MNo. 1 front contact connects ground to
conductor 5568 of cable 5600 for lighting the
manual propeller pitch lamp 2109 at the instruc-
tor’s desk. The MAN relay of the engine control
circuit of Fig. 45 similarly causes lamp 2907 to
become extinguished and lamp 2009 fo become
lighted at the instructor’s desk. Relay 5610 at
its upper No. 1 and lower No. 2 contacts open the
circuits previously traced over conductors 5650
and 4325 to the confrol conductor 4323 of the
R. P. M. memory motor control circuit for the
right engine and the MAN relay of the engine
control circuit of Fig. 45 opens similar circuits

over conductors 4550 and 43715 to the control con-~ 7

ductor 4373 of the R. P. M. memory motor con-
trol circuit of the left engine. At its lower No. 3
contacts relay 5610 establishes a circuit from
ground over such contacts, over conductor 5669
through the winding of MANI relay 5502 -asso-
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ciated with the propeller pitch motor control cir-
cuit for the right engine. A similar circuit is es~
tablished by the MAN relay of Fig. 45 for the
MAN{ relay 5552 associated with the propeller
pitci motor control circuit for the left engine.
Relay §610 also connects ground through resisi-
ance 5698 over its upper No. 1 front contact, over
the upper front contact of ESTA relay 5639 and
conductor 5656 to the junction point between the
hrush of potentiometer RRPIG and resistance
5409 to replace the resistance 4322 previously
connzcted over conductor 5650 and the upper No.
1 back contact of relay 5610 to such junction
point so that the R. P. M. motor control circuit
of Fig. 40 will not react to the operation of relay
§6{3. The corresponding MAN relay of Fig. 45
performs a similar funetion with respect to the
B. P. M. motor control circuit for the left en-
gie.

With relay 5502 operated, direct ground is ap-
plied over its inner lower front contact, through
resistance 5505 to control conductor 5504 of the
propelier pitch motor control eircuit for the right
engine and ground is applied over the upper back
contact of INC relay 5670, over the upper back
contact of DEC relay 5671, over conductor 5612,
over the upper contacts of relay 5532 and through
resistance 5583 to control conductor 5564. At the
same time connections to the brushes of poten-
tiometers RVPT and RPP3 are opened whereby
the propeller pitch motor control circuit is ren-
dered unresponsive and the shaft 4410 controlled
thereby is maintained in its previously adjusted
position. Relay 5502 over its lower contacts con-.
nects the brush of propeller pitech potentiometer
RPP2 over conductors 5361 and 5362 and through
resistance 5383 to control conductor 5352 of the
thiust horse-power motor control circuit and
similarly relay 8£52, over its lower contacts, con-
nects the brush of propeller pitch potentiometer
LFP2 over conductors 5364 and 5365 and through
resistance 5366 to control conductor 5352 of the
thrust horse-power motor control circuit where-
by the latter circuit is now placed under the con-

5 trol of the propeller pitch potentiometers RPP32

and LPP2. Relay 8502 over its inner upper con-
tacts also conhects the brush of bhrake horse-

- power variac RBVT through resistance 5368 and
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over conductors 5367 and 5368 to ground through
resistance 8370 and, through resistance 5371 to
control conductor 5352 of the thrust horse-power
motor control circuit, and similarly relay E&3Z,
over its inner upper contacts, also connects the
brush of brake horse-power variac LBVT through
resistance 5372 and over conductors 53713 and 5574
to ground through resistance 5375 and, through
resistance 5376 to control conductor 5352 of the
thrust horse-power motor control circuit wherehy
the control of the thrust horse-power motor con-
trel circuit by the brake horse-power motor con-
trol circuits is not altered. These changes do not
affect the thrust horse-power positions of the
shafts 4288 and 119 controlled by the thrust
horse-power motor control circuit and the rate of
climb indicators will still indicate a zero rate of
climb. This simulates the condition which would
exist in an actual aircraft when the propeller con-
trol is shifted from automatic to manual.

Decrease of propeller pitch

The simulation of the decrease of propeller
pitch under manual control is controlled by the
movement of the propeller control switches 18{6
arid {8171 to their middle positions. With the
switch (816 in its middle position ground on con~
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ductor 3387 is connected over the front contact
of PR relay 1814, through switch 1818, over switch
i3t8 and conductor 5673 of cable 5600 and
threugh the winding of INC relay 5670 to battery
sround. Relay 56879 upon operating establishes a
circuit from ground over its lower contacts and
conductor 5874 of cable 5600 te battery through
the propeller pitehh R. P. M. increase lamp 2118
for the right engine to light such lamp at the in-
siructor’s desk indicating that the propeller
R. P. M. has been increased. At its back contact,
ay 5878 removes ground from conductor 5672
G over its upper front contact supplies potential
bhase p{ from the potential divider extend-
ing from the §dp! bus bar through rssiztances
g 1 8578, over conductor §612 and thence as

-

<l
n

8875 and
1 over the upper front contact of MANI re-
ay £332 and through resistance 5593 to the pro-
peller pitch motor control circuit. The propeller
pitch motor control circuit is now operated to ro-
tate shait 4410 in a direction indicative of a de-
crease of propeller pitch so long as the switch
{818 is held in the propeller R. P. M. increase
position. The rotation of shaft 4410 rotates the
brushes of the propeller pitch potentiometers to-
ward the No. 1 terminals of their windings. The
adjustment of potentiometer RPP2 is effective to
control the thrust horse-power mofor control cir-
cuit cver the circuit as modified by the operation
of MANI relay §582 to operate the shafis con-
irolled by the thrust horse-power motor control
circuit in directions indicative of a decrease in
tihrrust horse-power.

The propeller pitch potenticmeter RPPI is ei-
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fective at this time to control the R. 2. M. motor 23

control circuit. For this purpose potential cf
phase 92 applied over conductor §544 through
the winding of potentiometer RPP{, as modified
by the manifold pressure potentiometer RMPZ,
zs further modifiad by the true air speed poten-
tiometer TASP4 and the R. P. M. potentiometer
RRIEPS, is applied over conductor 5498, over the
uprer No. 2 front contact of MAN relay 560,
ovei the upper back contact of relay 5684, the
uprer back contact of PRM relay 5622, over the
uprer No. 3 front contactof ESTI relay 5328, over
conductor 5835 and through resistance 5408 to
controal conductor 40%1 of the R. P. M. moior
control circuiv for the right engine. This motor
control circuit is controlled to rotate the shafts
£348 and 5184 controiled thereby in directions
indicative of an increase in the R. P. M. where-
upon the potentiometer RPP: driven from shafi
$i6i is adjusted to increase the speed of rotation
of the right engine tachometer generator RTG,
Tig. 47, to cause the right engine tachometers
on the instrument panels to show an increas-
inig engine speed. When the tachometers in-
dicate a right engine speed of, for example, 2433
R. B. M., the switeh 1816 is moved to the open
position. INC relay 5579 thereupon releases
opening the circuit for controlling the propeller
piteh mofor control circuit whereupon the mctor
thereoi comes to rest. Relay 5870 also opens the
circlit of the increase of R. P. M. propeller pitci:
Jamyp 2410 for the right engine which becomes
xtinguished.

The movement of switch 1817 to its middle
position causes similar operations in connection
with the left engine control circuit of Fig. 43
and the associated motor contiol circuits for the
left engine. The fact that the switeh {817 has
thus been operated is indicated at the .instrue-
tor’s desk by the lighting of lamp 2010,
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96

Increase of propeller pitch

The simulation of the increase of propeller
pitch under manual control is contrelled by the
movement of the propeller pitch switches 1815
and {817 to their lower positions. With switch
{818 in its lJower position a circuit is established
from ground thereover, over conductor 58677 cf
cable 5605 and to battery through the winding

. of DEC relay 5671, Fig. 56. Relay 5871 upon

operating establishes a circuit from ground cver
its lower contacts and conductor 5618 of cable
5600 to battery through the propeller pitch de-
crease R. P. M. lamp 21{1 for the right engine
to light such lamp at the instructor’s desk in-
dicating that the propeller R. P. M. has been de-
creased, at its back contact removes ground from
conducter 5672 and over its upper front contact
appiies potential of phase ¢2 from the potential
divider extending from the 40¢2 bus bar through
resistences 5379 and 5680 and conductor 5672,
and thence as traced over the upper front con-
tact of MAN{ relay 5562 and through resistance
5803 to the propeller pitch motor control cir-
cuit. The propelier pitch motor control circuit

" is now operated to rotate shaft 44(5 in a direc-
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tion indicative of an increase of propeller pitch
so long as the switech {816 is held in the pro-
peller R. P. M. decrease position. The rotation

, of shaft 4410 rotates the brushes of the propeiler

iiteh potentiomneters towards the No. § termi-
nals of their windings. The adjustment of po-
tentiometer RPPZ is effective to control the
thrust horse-power motor control circuit as pre-
viously described (o cause an increase in thrust
horse-power.

The propeller pitch potentiometer RPPI is ef-
fective at this time fo control the R. P. M. mo-
tor control circuit over the circuits previously

. traced in connection with the discussion of de-

creasing the propeller pitch whereby the shafts
4G1¢ and 5191 are rotated in directions indica-
tive of a decrease in R. P. M. whereupon the
potentiometer RPP5 driven from the shaft 5i0¢
is adjusted io decrease the speed of operation
of the right engine tachometer generaicr RTEG
to cause the right engine tachometers on the
instrument ranels to show a decreasing engine
speed. When the tachometers indicate a right
engine speed of, for example, 2000 revolutions
per minute, switch {816 is moved to the open
position, DEC relay 5811 thereupon releases
opening the circuit for controlling the propeller
pitch motor control circuit whereupon the motor
thereof comes to rest. Relay 5671 also opens the
circuil of decrease R. P. M. propeller pitch lamp
2111 for the right engine which thereupon be-
comes extinguished.

The movement of switch

1811 to its lower

n position causes similar operations in connection

with the left engine control circuit of Fig. 45
and the propeller pitch and R. P. M. motor con-
trol circuits for the left engine. The fact that
the switch (817 has been cperated is indicated

3 at the instructor’s desk by the lighting of lamp

2011,

The right and left propeller control switchis
are now returned to their upper or automatic
positions causing the reoperation of AUT relay
560¢ and the release of MAN relay 56190 and
MAN!{ relay 8502 of the right engine control
circuit and the similar relays of the left engine
control circuit. With the circuits restored to
the condition previously described when func-

‘tioning on automatic propeller controls and the
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throttle settings unchanged, the tachometers for
both engines will indicate about 1800 R. P. M.

Disabling the right engine

It will now be assumed that the instructor, to
simulate the disabling of the right engine of an
afrcraft, operates the right engine disabling key
2505R to the “off” position thereby opening the
locking circuit of ST relay 5638 of the right en-
gine motor control circuit, Fig. 56. Relay 5638
thereupon releases in turn releasing ESTI relay
£523, ESTA relay 5638 and EST relay 5616. Relay
3622 upon releasing modifies the ¢ircuit pre-
viously traced over which potential of phase ol
was applied to control conductor 48891 of the
. P. M. motor control circuit of Fig. 40, so that
this motor controel circuit operates the sHafts
4019 and Ei0! controlled thereby in directions
indicative of a reduction in the speed of the right
engine. ¥I relay 5841 will at this time be op-
arafed since a simulated flight altitude of 7000
feet hias been assumed. Upon the release of relay
6628 with PL relay 5841 operated, potential of
phase ¢! is applied frem the 40¢i bus bar
vhrough the potential divider comprising resist-
ances 5582 and §6238 to ground, and potential of
phase i derived at the junction point hetween
the resistances is applied over the upper back
convact of FTR relay 5637, over the lower No.
2 front contact of FL relay 564, over the upper
Wo 3 back contact of ESTI relay 5628, conductor
885% and through resistance 5153 to control con-
ductor 4581 of the R. P. M. motor control cir-
cuit. This potential being substantially less than
that of phase ¢l applied over the previously
traced circuit prior to the release of relay 5§28,
the moter of the R. P. M. motor control circuit
is operated to rotate the shafts contrelled there-
by to positions indicative of a reduction 6f en-
gine speed to about 800 R. P. M. In response to
the repositioning of R. P. M. potentiometer RPP5
the right engine tachometer generator RTG is
now rotated at a reduced speed whereby the right
engine tachometers on the instrument panels
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Because of the reduced speed of the
ometer generator RTG thé sound effects.

result of the further reduction in the
ngine speed and the operation of the brush

M. potentiometer RRF3 toward the No. 3
inal of its winding, the potential of phase ol
ed to control conductor 5642 of the right
e manifold pressure control circuit is re-
2d whereby the motor of sucéh circuit rotates
¢ chafts 4118 and 5281 in directions indicative
1 a reduction in manifold pressure which will
2 Indicated by the right engine manifold pres-
ure indicators on the instrument panels. The
nevement of R. P. M. potentiometer brush RRPT
ards the No. 1 terminal of its winding reduces
potential of phase ¢f applied to the eontrol
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over the back contact of relay 5639, over the
upper No. 1 back contact of MAN relay 5810,
over conductor §653 through resistance 4322 to
control conductor 4223 of the R. P. M. memory
motor control circuit for the right engine where-
by the motor M43 of such circuit drives the
shafts 4518 and 5451 to return the brush RRMPS§
to the normal or No. 1 terminal of its winding,
at which time the L4 limit switch 4211 cpens the
¢ireuit of motor M43.

The release of relay EST 5616 opens at its
upper No. 1 contacts the circuit previously traced
over which potential of phase ¢l was applied
%o control conducter $897 of the brake horse-
power moetor contrél civeuit for the right engine
whereupon potential of phase 92 applied over
the balancing potentiometer RBPI3 is effective
to cause the motor of the brake horse-power cir-
tult to drive the shafts 3910, 5981 and 855 into
their normal positions or until the Ll limit
switch 3942 is operated to open the circuit of ON
relay 8812 which, upon releasing, opens the cir-
cuit of the moter of the control circuit at which
time the brushes of the brake horse-power poten-
tiometers will be at the No. 1 terminals of their
windings. With the brake horse-power cutput
potential supplied through brake horse-power
variac RBVY to control conductor 5352 of the
thrust horse-power motor control circuit reduced
to zero, such motor control circuit is controlied
to roiate shafts 4283, 535! and 719 in directions
indicative of a reduction in thrust horse-power
to the amount delivered through the operation
of the léft engine only.

With ON relay 2912 released and ON relay 3852
associated with the left engine motor control cir-
cuit still operated, potential of phase ol is ap=
plied from the 43¢ 1 bus bar, over the lef front
contact of ON relay 2862, over the inner left
back contact of ON relay 3812, over conductor
3918, over the inner upper back contact of FTR
relay 56371, through resistance 3524, through
resistance 8685 and over conductor 2814 and
thence through the winding of thrust horse-
power potentiometer TPT associated with the in-
dicated air speed motor control circuit of Fig. 12.
The release of ON relay 2312 has resulted in the
series inclusion of 150 ohims of resistance in series
with the winding of potentiometer TP thereby
resulting in the decrease of potential of phass
¢l applied to the control conductor 121§ of the
indicated air speed motor control circuit to an
amount simulating the drag imposed by the
windmilling of the right engine propeller after
such engine has been disabled. The potential
of phase ¢l is also reduced by the movement of
brush of potentiometer TP} towards the No. 1
terminal of its winding resulting from the fact
that only the ieft engine is now delivering power.

In the manner previously described the indicat-
ed air speed motor control cireuit of Fig. 12 is so
controlled as to operate the shafts {2i8# and 68}
in directions indicative of a decrease in air speed.
As a result, the angle of attack and rate of climb
motor control ciréuits cause the rate of climb in-
dicators to indicate a reduction in the rate of
climb, the indicated air speed indicators to show
a reduction in air speed and the piteh bar motor
control circuit is controlled to elevate the horizon
bars of the artificial herizon instruments to indi-
cate a nose down position, all in the manner pre-
viously described.

It will be recalled that in the discussion of the
flight circuits it was stated that in the event the
left engine should deliver more power than the
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right engine, which would, ¢f course, be the case
should the right engine be disabled, as just de-
scribed, then the left engine would cause the
twrning of the simulated flight to the right which
turning would be indicated by the sharp move-
ment of the pointers of the rate of turn indicators
on the pilot’s, copilot’s and instructor’s instru-
ment panels toward the right. As previously de-
seribed, the rate of turn potentiometer RTP3 con-
trols the application of potential to the control
conductors $81 and 10{f of the ball and bank
motor control circuits which thereupon respond
to rotate the shafts 960, 30f and 1010, 401 con-
trolled thereby, in directions indicative of a right
wing down condition. In response to the move-
ment of shaft (010 the horizon bars of the arti-
ficial horizon instruments are tipped to indicate
a right wing down condition and the movement
of shaft 960 is effective to cause the balls of the

balls of the turn and bank indicators to move @

toward the left.

To counteract the nosing down and yawing ef-
fects the pilot pushes down on the left rudder
pedal 1490, turns the aileron control whesl 1459
in a counter-clockwise direction, pulls back on
the yoke 1411 and opens the leit engine throttle
to increase the power output of the left engine.
In response to the operation of these controls and
in the manner previously described the simulated
flight will return to a straight level flight condi-
tion which, when it is obtained, will be indicated
by the level neutral positions of the horizon hars
of the artificial horizon instruments, the return
of the balls of the turn and bank indicaters to
their central or normal positions and the return
to zero of the rate of climb indicators. The pilot
may then operate the trim wheels ET, AT and RT
to maintain the compensating positions of the
yoke, aileron and rudder controls.

To remove the drag imposed by the windmili-
ing of the disabled engine propeller, the pilot
closes the propeller feathering switch 1823 on the
pilot’s pedestal thereby establishing a circuit from
ground over conductor 3387, over the lower con-
tacts of PR relay 1814, over the contacts of switch
1823 and conductor 5686 of cable 5600 to battery
and ground through the winding of FTR relay
8831 of the right engine control circuit, Fig. 56.
At its middle lower front contact relay 5537 es-
tablishes a circuit from ground over such con-
tact and conductor 5683 of cable 5600 through
feather propeller lamp 2112 at the instructor’s
desk to battery and ground to inform the in-
structor that the feathering of the right propeller
by the pilot has been simulated. At its upper
transfer contacts relay 5637 disconnects potential
of phase ¢! applied from the potential divider
comprising resistances 5682 and 5683, from the
circuit previously traced over conductor 5635 and
through resistance 5108 to control conductor 400!
of the right engine R. P. M. motor control circuit
and connects the 10,000-ohm resistance 5687 to
control conductor 4001. Potential of phase ¢2?
applied through balancing potentiometer RPPI2
and resistance 5109 is now effective to control the
R. P. M. motor control circuit to rotate the shafts
40810 and 5101 controlled thereby into their nor-
mal positions in which the Li{ limit switch 4058
will open the circuit of ON relay 4008 and the
circuit of the driving motor of the motor control
circuit will be opened to stop further rotation of
the shafts. The return of potentiometers RRFS
to its No. 1 terminal, slows down the motor 4701
of the tachometer motor control circuit of Fig. 47
until when the ON relay 4009 releases, relay 4700

>

10

35

10

100

of the right engine tachometer motor control eir-
cuit is opened to stop the motor 410i. The tach-
ometer generator RTG being now stopped the
right engine tachometers on the instrument
panels will return to zero indicating that the right
engine has ceased to rotate. As a further result
of the movement of the brush of R. P. M. variac
RRV6 towards the No. 2 terminal of its winding,
the vibration motor RVM slows down to decrease
the simulated right engine vibration until when
the shaft 4010 reaches its normai position the
cam operated contacts 4011 will open to stop the
vibration motor.

With ON relay 4009 released, the circuit pre-
viously traced over the upper Nc. 1 contacts
thereof whereby the manifold pressure motor
control circuit was controlied to change the read-
ing of the right engine manifold pressure ingdi-
cators in accordance with the throtile opening,
as indicated by the setting of the throftle variac
3019R, in accordance with the altitude as de-
termined by the setting of the altitude poten-
tiometer APY, by the condition of thec super-
charger speed relay SHRI, by the R. P. M. pe-
tentiometer RRP3 now having its brush at the
No. 1 terminal of its winding, and by the pro-
peller governor rheostat 3012, is opened and the
raanifold pressure motor control cirveuit is now
controlled in accordance with the barometric
pressure at the altitude at which the simulated
fiight is being flown. This control circuit may
e traced from the brush of altitude pofen-
tiometer AP3, the winding of which is supplied
with potential of phase ¢l as previcusly dz-
seribed, over conductor 5205, the lower front cen-
tact of FIR relay 5637, the upper No. 2 front
contact of FL relay 564!, the upper back con-
tact of STM relay 5626, the lower No. & back
contact of ESTI relay 5628 to control conductor
5642 of the manifold pressure mctor contrel \,H -
cuit for the right engine, whereupon the m
fold pressure control circuit for the right ¢ na
positions the shafts 4110 and 5221 fo positicns
commensurate with the baromefric pressure ot

£z the altitude determined hy the adjustment of the

a0

t

on

70

75

altitude potentiometer AP3. The pressure is now
indicated by the right engine manifold pressure
indicators on the instrument panels.

As o further result of the release of ON relay
2009, the circuit of ST relay 8713 of the right
engine oil pressure circuit of Fig, 57 is opened
at the lower No. 2 contacts of relay 4009 and re-
lay 5713 releases followed by the release of ST
relay 5714, 12 relay 5T{T and NP relay 57138. Po-
tential of phase ¢l is now applied through the
rotor circuit of motor 5715, through resistance
5718, over the contacts of cam operated switch
5720, over the upper No. 1 back confact of ST
relay 5713 and the upper phase ¢1 portion of the
secondary winding of power transformer 51€I,
whereupon motor 5715 operates in such a direc-
tion as to move shaft 5722 back to its normal po-
sition in which the switch contacts 5730 open to
stop the motor. The rotation of shaft 5122 has

5 through the transmitting autosyn 5123 operated

the right engine oil pressure indicators on the
flight engineer’s and instructor’s instrument pan-
els to indicate zero oil pressure for the right en-
gine. STI relay 5714 upon releasing removes po-
tential of phase ¢2 from the winding of cowl flaps
potentiometer 5115 whereupon the engine cylin-
der and oil temperature motor control circuit is
operated under the control of its balancing poten-
tiometer 4628 to return shaft 4624 slowly toward
its normal position wherehy the engine oi] tem-
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perature and cylinder temperature indicators for
the right engine mounteéd on the flight engineer’s
and instructor’s instrument panels are slowly
operated to indicate the cooling of the cil and
of the engine eylinders.

Relay 4009 also opens at its lower No. 3 con-
tacts the previously fraced circuit for RFS relay
3628, Fiz. 35, which relay upon reléasing, with
RSP relay 3527 locked operated under the con-
trol of RFS2 relay 3528, establishes a filament
heating circuit for timing tube 3531. After abouib
ten seconds delay tube 3531 becomes conducting
and relay 3828 operates over the cathode-anode
path therethrough and opens the locking cir-
cuit of relay 25271 which, ubon releasing, opens
the circuit cf 8T relay 5150 of the fuel pressure
motor control eircuit, Fig. 57, which latter relay
upon releasing in turn releases UL relay 5763
A circuif is now established from the phase ¢2
portion of the secondary winding of power trans-
fcrmer 5781, over the back contact of IFP relay
§767; over the back contact of ST relay 5758, over
the inner upper front contact of LIs relay 5712,
through resistance 5784 and the rotor winding
of moter 5705 to ground, whereupon the motor
rotates shaft 5708 back to its normal position
in which the cam operated contacts 5789 open to
release LL relay 8710 and to thereby stop the
motor. The rotation of shaft 5788, through the

autosyn §124, has returned the right engine fusl 2

pressure indicators on the flight engineer's and
instruector’s instrument panels to read zero fuel
pressure.

Relay 5712 upon releasing, at its upper trans-
fer contacts, substitutes a direct ground for re-
sistance ground connected to conductor 5712 and
thence through resistance 4888 to control con-
ductor 4803 of the right engine fuel flow motor
control cireuit and such circuit is now controlled
by phase o2 potential supplied to control com-
ductor 4283 over the brush of the balancing po-
tentiometer RFFPI to drive the shafts 3710 and
4801 in directions indicative of a reduction of the
fuel flow. When the shaft reaches its normal
position in which the brush of potentiometer

RFFP{ is at the No. 1 terminal of its winding, °

the Ll switch 3708 operates to open the circuit
of motor M37. Through the rotation of shaft
3118 the transmitting autosyn $125 has controlled
the right engine fuel flow indicators cn the flight
engineer’s and instruetor’s instrument panels to
indicate & reduction of the fuel flow to the right
engine to the zero rate.

FTR relay 5627 at its inner lower baek contact
cpens a point in the circuit of start relay £838
of the right engine control circuit and at its inner
upper transfer contacts removes the 60-ohm re-
sistance 5684 from the eircuit previously traced
through the winding of thrust horse~-power po-
tentiometer TP7, over which potentiomeisr £o-
tential of phase ol is applied to control conduc-
tor 1216 of the indicated air speed motor control
circuit. Potential of phase ¢l is thug increased
and the air speed motor control circuit now
funetions to cause a resetting of the shafts 1218
and 681 driven therehy indicative of the increase
in air speed which would result thrcugh the
feathering of the propeller driven by the disabled
engine. This increass in indicated air speed s
indicated by the indicated air speed indicators
on the instrument panels and would also become
apparent to the pilot by a yawing of ‘the simu-
lated flight toward the right. Since the -pilot
has previously operated the trim wheels to offset
the yawing ‘effect due to the disabled engine
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when it was still windmilling, he now reoperates
the trim wheels ET, AT and RT until a straight
level flight path is again indicated by the instru-
ments.

The left engine could be disabled in a similar
manner by the operation of the left engine dis-
abling key 2500L. In this case, however, the left
engine control circuit of Fig. 45 and the motor
control circuils appertaining to the left engine
would funetion and the flisht conditions which
would result would be in. the opposite direetions
to those previously deseribed in eonnection with
the disabling of the right engine. When the left
engine propeller feathering relay similar to relay
E837 is operated, the cireuit of propeller feather
lamp 2812 i§ controlled over conductor 4589 of
cable 4600 to indicate to the instructor that the
pilot has elosed the feathering switeh 1224 on the
pilot’s pedestal.

Restarting the right engine

To simulate the starting of the right ensine
while it is stil] being driven by the windmilling
of 'its propelier it is only necessary to reclose the
disabling key 2500R. With the engine siill rotat-
ing, the ON relay 40609 of the R. P. M. motor con-
trol circuit is still operated and consequently the
circuit changes just described which would re-
sult from its release have not taken place and the
IR relay §637 of Fig. 56 has not been operated.
With key 2598R released the circuit of 8T relay
5638 is now established from ground over the in-
ner upper contacts of relays 5603 and 5604, con-
ductor 6667, the contacts of key 2500R at the in-

; structor’s desk, over econductor 2501, the lower

contacts of relay 3521, conductor 35368, over the
lower contacts of relay 5710, conductor 5711, over
the inner lower contacts of FTR relay 5637, over
the back contact of ICOI relay 5699, over the up-

» per No. 1 contacts of FL relay 5641 and over the

upper back contact of relay 5636 through the
winding of ST relay 5638 to battery and ground.
Relay 5638 thereupon operates, locks over its in-
ner upper front contact and over the back con-
tact of relay 5698 to the start conductor and es~
tablishes the circuit of ESTI relay 5828 from
ground over its inner lower contacts and over
the lower No. 1 contacts of FL relay 5641 to bat-
tery and ground through the winding of .relay
§628. Relay 5828 upon operating locks directly
under control of relay 5638 and establishes the
previously traced ecircuit for ESTA relay 863§
which in turn establishes the previously traced
circuit for EST relay 5616. From this point the
simulated operation of the right engine proceeds
in the manmner previously described, the sound ef-
fects circuit of Fig, 58 again functioning to simu-
late the sound of the engine as it picks up speed,
the speed of the tachometer generator RTCG in-
creasing to control the tachometers to indicate tha
increasing engine speed which, with the previous
throttle opening, will increase to the indicated
speed of 1800 revolutions per minute, the mani-
fold pressure motor control cireuit functioning to
confrol the right engine manifold pressure indi-
cators to show an increase in the indicated mani-
fold pressure and the flight circuits being con-
trolied as a result of the returning power deliv-
ered by the right engine. With the right engine
delivering power a yawing of the simulated flight
to the left and nosing up will be indicated by the
flight instruments since the pilot has previously
operated the trimming wheels to offset the nos-
ing down and yawing to the.right condition due
to the disabled right'engine. The pilot will there-
fore readjiist the.left ‘ehgine throttle until both
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engines are operating at the same speed of, for
example, 1800 revolutions per minute and will
reoperate the ET, AT and RT trim wheels until a
straight level flight course is again simulated as
indicated by the flight instruments.

Disabling both engines while in flight

Both engines may be disabled at the same time
by pulling cut the main ignition switch 3014, Fig.
20, thereby connecting ground to conductors 5601
and 5602 extending through cable 5600 to the
junction points between the windings of IGR and
IGL relays 5603 and 5604 and resistances 5609
and 5505, whereupon relays 5603 and 5604 become

shunted and released, and at the same time con- *

necting ground to conductors 4501 and 4532 ex-
tending through cable 4561 to the left engine con-
trol circuit of Fig. 45 whereby the corresponding
ignition relays therein also release. Relays 5603
angd ‘5604 upon releasing open the previously
traced holding circuit for ST relay 5638 where-
upon relay 5838 releases followed by the release
of ESTi relay 5528, the release of ESTA relay
5639 and the release of EST relay 5616, With

these relays released the right engine slows down -

to the speed at which it is driven by the windmill-
ing propeller or to about 800 revolutions per min-
ute as indicated by the right engine tachometers.
The manifold pressure of such engine as indi-

cated by the right engine menifold pressure indi- *

cators is reduced, the fuel flow to the right engine
as indicated by the right engine fuel flow indi-
cators is reduced, the vibration motor RVM, which
simulates the vibration incident to the operation

of the right engine, becomes slowed down, and -

the sound effects produced by the circuits of Fig.
58 with respect to the right engine are greatly re-
duced in volume, 2ll in the manner previously
described in connection with the disabling of the
right engine. At the same time through the re-
lease of the relays of the left engine control cir-
cuit corresponding to relays 5603, 5604, 5638, 5628,
2635 and 5816 the left engine slows down to the
speed at which it is driven by the windmilling of

its propeller or about 800 revolutions per minute 4:

as indicated by the left engine tachometers. The
manifold pressure of such engine as indicated by
the left engine manifold pressure indicators is re-
duced, the fuel flow to the left engine as indi-

cated by the left engine fuel flow indicators is

reduced, the vibration motor LVM, which simu-
lates the vibration resultant frem the operation of
the left engine, becomes slowed down, and the
sound effects produced by the circuits of Fig. 58
with respect to the left engine are greatly reduced
in volume,

The brake horse-power motor control circuits
of Fig. 39 for both engines are now controlled
in the manner previously described indicative of
a reduction in brake horse-power thereby caus-
ing the thrust horse-power motor control circuit
of Fig. 42 to be controlled in the manner pre-
vicusly described indicative of a reduction in the
thrust horse-power output of the engines. Since
the two engines are operating at the same reduced
speed no vawing tendency is introduced in the
control of the rate of turn motor control circuit of
Fig. 10 by the settings of the brake horsepower
potentiometers RBPS and LBPS and consequently
the rate of turn, bank and ball motor control cir-
cuits are not affected to indicate any yawing of
the flight course on the rate of turn, artificial
horizon and ball indicators.

Since, however, the reduction of the thrust
horse-power has resulted in the rotation of the
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brush of thrust horse-power potentiometer TPT
towards the No. 1 terminal of its winding, the
potential of phase ¢! applied through such poten-
tiometer to control conductor 1216 of the indi-
cated air speed motor control circuit will be re-
duced resulting in the operation of such circuit
in such a manner as to control the air speed indi-
cators to indicate a reduction in air speed. Also,
as a result of the reduction of air speed the angle
of attack, rate of climb and pitch bar motor con-
trol circuits are controlled in the manner pre-
viously described whereby the horizon bars of the
artificial horizon instruments are elevated to
show a nose down condition. As a further result
of the reduction of air speed the sound effects
circuit of Fig. 58 is controlled to produce a de-
erease in the rushing sound incident to the simu-
lated movement of the aircraft through the air.

To maintain a simulated air speed of at least
{10 knots, the pilot pushes the yoke i41{ forward
and thereby, in the manner previously dascribed,
causes the angle of attack, rate of climb, indi-
cated air speed and pitch bar motor control cir-
cuits to function to simulate a nose down con-
dition as indicated by the rate of climb indi-
cators and the elevation of the horizon bars of
the artificial horizon instruments. When the
air speed increases above 150 knots, the pilot pulls
the yoke i41i back. In addition the pilot oper-
ates the propeller feathering switches 1823 and
1824 to their “on” positions, whereupon the en-
gine control circuits function in the manner pre-
viously deseribed in connection with the disabling
of the right engine and the R. P. M. indications
of both engines are reduced to zero. With the
propeller feathering switches operated, the au-
tomatic propeller control lamps 2607 and 2107 at
the instructor’s desk are extinguished and the
propeller feathering lamps 2012 and 2112 are

;3 lighted.

If the yoke 1411 is pulled back until the in-
dicated air speed becomes 80 knots or less (as-
sumed to be the stalling conditions) the angle of
attach motor control ¢ircuit will be so controlled
that the shaft {18 thereof will be rotated until
the upper 1.2 limit switch 164 is operated to stop
the motor Mi{ and to establish the circuits of the
S (stall) relay {10f. Relay i10{, upon operating
closes the circuit of relay {105 which operates to
open the rotor circuit of the motor M4 and at its
left No. 2 contacts opens the circuit by which the
lift potential of phase ¢l was applied to control
conductor 1162 of the rate of climb motor con-
trol circuit, whereupon the drag potential of
phase 2 applied to the control conductor 1162
under the control of the weight potentiometer
WP2 becomes effective to rotate the shafts 1180
and 551 in directions indicative of a driving con-
dition which will be indicated on the rate of climb
indicators as a descent at the rate of 1600 feet
per minute. Also at its right No. 4 contacts, re-
lay {id} opens the circuit previously traced from
the brush of rate of climb potentimeter RCPI,
over conductor §i1, over the No. 4 back contact of
relay 131, over conductor 1103, through the true
air speed potentiometer TASP6, thence through
the winding of weight potentiometer WP1 in par-
allel with resistance 632 and through resistance
633 to ground. Therefore, the potentiai now
derived at the brush of potentiometer WP{ and
applied through resistance 634 to control conduc-
tor 1216 of the indicated air speed motor control
circuit will operate the shafts 210 and 601 con-
trolled thereby in directions indicative of a re-
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duction in air speed which will be indicated by the
air speed indicators on the instrument panels.

To simulate the resistance to the operation of
the controls, the spring tensioning motor contrel
circuit {383 has been operated in response to the
operation of the ON relays 3912 and 3962 of brake
horse-power motor control circuits and in re-
sponse to the operation of the indicated air

speed potentiometer TASP3 to rotate the drum

1664 in a direction to place tension on the load-
ing springs of the elevator, aileron and rudder
trimming mechanisms 1517, 1518 and 151%. For
this purpose potential of phase ¢t is applied from
the 40¢1 bus bar through the potential divider
comprising resistances 3316 and 3817 to ground
and, potential derived therefrom is applied over
the inner right contacts of ON relay 2812 over
conductors 3%i8 and 187, through resistance
1610 and to the control conductor of the spring
tensioning motor control circuit 1603. Similar-
ly, potential of phase ¢l is applied from the
4001 bus bar through the potential divider com-
prising resistance 3966 and 3987 to ground and,
potential derived therefrom is applied over the
inner right contacts of ON relay 3962, over con-
ductors 2868 and 1198, through resistance {508,
to the control conductor of the spring tensioning
motor control circuit. No potential of phase ¢t
is applied over conductors 3918 and 3968 at this
time since it has been assumed that in response
to the operation of the feathering switches 1223
and 1824, the speeds of both engines have been
reduced to zero and the ON relays 3212 ang 3952
have bheen released. Potential of phase ¢f is
also applied from the 484 bus bar through re-
sistance {218, through the winding of the indi-
cated air speed potentiometer IASP3 and, po-
tential derived at its brush is applied over con-
ductor {228 and through resistance (608 to the

contrel conductor of the spring tensioning motor ..

control circuit. When relay 1101 operates, how-
ever, ground is connected over its Nos. 1, 2 and 3
right contacts and conductors 1186, (107 and
1188 to conductors 1220, 3918 and 3958, where-
upon the potential of phase ¢l applied to these
conductors is rendered ineffective and thereupon
the spring tensioning motor control circuit is
contrelled by potential applied to its control con-
ductor from its balancing potentiometer to cause
the rotation of drum 1604 in a direction to re-

move the spring tension from the elevator, aileron

and rudder trimming mechanisms {517, 1518 and
1618. With the loadings thus removed, the yoke,
aileron and rudder confrols respond in a man-
ner similar to the controls of an actual aircraft
when a stalling condition is reached.

The pilot now adjusts the yoke (4fi until the
indicated air speed rises to approximately 100 to
120 knots and the rafe of descent, as indicated
by the rate of climb indicators, is decreased to
approximately 800 feet per minute. In response
to the readjustment of the yoke, the angle of at-
tack motor control circuit rotates the shafts
{112 and 521 in directions indicative of a reduc-
tion in the angle of attack, whereupon the 1.2
limit switch (164 is operated to open the cir-
cuit of the stall relay (i10i. Relay {i0( upon
releasing removes ground from conductors 1223,
3818 and 2968 whereupon the spring tensioning
motor control circuit is reoperated to reapply
Ioading to the elevator, aileron and rudder con-
trols. Also relay {i04 reclosing its outer right
and outer left contacts restores the ecircuit over
which lift potential of phasé ¢l is applied to
control conductor 1162 of the- rate- of climb
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motor control circuit and restores the eircuit
over which potential under the control of the
rate of climb potentiometer RCPI was applied
te the control conductor 1216 of the indicated air
speed motor control circuit, whereupon these
motor confrol circuits are controlled to cause the
rate of climb indicators to show a rate of descent
of approximately 800 feet per minute and to
cause the air speed indicators to show an indi-
cated air speed of from 100 to 120 knots per
hour.
Restarting the engines

Preparatory to restarting the engines the pilot
restores the propeller feathering switches 1823
and 1824 to their “off” positions, thereby releas-
ing the FTR relays such as 5637 at the engine
control circuits, Figs. 45 and 56. 'These relays
upon releasing extinguish the propeller feather-
ing lamps 2012 and 2142 at the instructor’s desk
and cause the operation of the propeller pitch
motor control circuits of Fig. 44 to repitch the
propellers, whereupon the propellers start into
rotation. The pilot also pushes in the ignition
switch 3014 thereby removing ground from con-
ductors 5581, 5602, 4501 and 4592 whereupon the
IGR and IGL relays, such as 5623 and 5604, of
the engine control circuits reoperate.

The flight engineer now operates hoth super-
charger speed controls 2918 and 2918 to their
upper or low speed positions thereby opening the
previously traced circuits for the SHR and SHL
relays 823 and 522t which release and in turn
release the SHR1{ and SHLI relays 5212 and 5222.
These relays upon releasing restore the manifold
pressure and brake horse-power control circuits
to the condition simulating low speed super-
charger blower operation and open the circuits
of the lamps 2243 and 2242 at the instructor’s
desk, which -have beén lighted to indicate that
high speed supercharger blower operation has
peen simulated. Also the operation of the con-
trols 2818 and 2919 to their upper or low speed
positions has reestablished the previously traced
circuits for lamps 2212 and 2211 at the in-
structor’s desk to indicate that the low speed
operation of the supercharger blowers is being
simulated. The throttles are also moved to their
extreme rear or closed positions in which the
sliders of the throttle rheostats and variacs
will be at the lower ends of their windings.

With the main ignition switech pushed in and
the propellers rotating both engines start since
they are assumed to be driven by the windmilling
of their propellers as will be indicated by the
sound effects and by the operation of the ta-
chometers to read 800 R. P. M. The engine
throttles are then adjusted so that the manifold
pressure indicators for both engines indicate a
manifold pressure of 27.5 inches of mercury. It
will be assumed that by the time the engines are
both reoperating, the altitude at which the simul-
lated flight is being flown will have decreased to
1004 feet and that thereupon the flight is leveled
off at this altitude.

Low fuel conditions

In an aireraft of the type which the trainer
under consideration is designed to simulate, three
fuel tanks are located in the hull, one forward,
one at the center and one aft. Two additional
tanks are located in the wings adjacent to the
engines and designated as left wing service tank
and right wing service tank respectively, and
two taxnks are located in the bomb bays desig-
nated left and right bomb bay tanks. Two main
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fuel trunks are provided, one for serving the
right side of the aircraft and the other for serv-
ing the left side. Four selector valves are pro-
vided, one of which is called the hull tank selec-
tor valve, two of which are called the right
and left engine selector valves and the fourth
of which is called a cross-over and defuel valve.
These valves are controlled from the flight en-
gineer’s fuel tank panel. The hull tank selector
valve has an “off” and three selection positions
and when operated connects the suction pipe
from any one of three hull tanks to both of the
main fuel trunks. Each of the main fuel trunks
after leaving the hull selector valve passes
through a check valve which prevents fuel from
flowing back into the hull tanks, then passes
through a fuel transfer pump to an inlet port of
one of the engine selector valves.

Each of the engine selector valves has an “off”
and four selection positions. In one of the selec-
tion positions the main fuel trunk inlet port is
connected to one outlet port which is connected
by a pipe with the top of the wing service tank
on the side of the aircraft which the valve serves
and the outlet pipe from the wing service tank,
which is connected with a second inlet port of
the valve, is connected to a second outlet port
which is connected through an engine driven fuel
pump with the carbureter of the engine on the

same side of the aircraft, whereby fuel is trans- 2

ferred from the selected hull tank to the wing
service tank and from the wing serviece tank to
the engine. In a second selection position, the
main fuel trunk inlet port is connected to a sec-

ond outlet port, whereby fuel is fed directly from g

the selected hull to the engine. In a third selec-
tion position the suction pipe from the bomb bay
tank which is connected with a third inlet port
valve, is connected with the second outlet port
whereby fuel is fed directly from the bomb bay
tank to the engine on the same side of the air-
craft. In the fourth positicn of the valve, the
outlet pipe from the wing service tank which is
connected to the second inlet port, in addition to
being connected to the second outlet port and to
the engine is also connected to the main fuel
trunk whereby fuel from the wing tank may be
fed directly to the associated engine and to the
main fuel trunk from which fuel may also be
fed to the other engine or to a defueling trunk
as may bhe desired and as determined by the
selective operation of the cross-over valve.

The cross-over valve has an “off” position, a
cross-over position and a defuel position. In the
cross-over position, one inlet port connected with
one fuel trunk is connected with one outlet port
connected with the other fuel trunk whereby fue)
flowing back from the engine selection valve of
either trunk is permitted to flow to the other
Tuel trunk. Thus, for example, fuel from either
wing service tank, which might become damaged,
may be transferred through the associated en-
gine selector valve, as previously described, to
the main fuel trunk thence through the cross-
over valve to the other fuel trunk and to the
other engine so that both engines could be op-
erated from the same service tank to keep them
both running and to exhaust the fuel from the
d.isabled tank more quickly. In the second selec-
tion positicn of the cross-over valve, both inlet
perts are connected to both outlet ports, the sec-
an_of which outlet ports is connected with a de-
iueling drain trunk. Thus in the second selection
p.osit-ion the fuel from the disabled tank in addi-
tion te being fed to both engines may also be al-
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lowed to drain away tc even more quickly drain
the disabled tank.

Each of the wing service tanks is provided with
an automatic level mechanism which is con-
trolled in accordance with the fuel level, whereby
the valves may be selectively operated to con-
trol the fuel transfer.

In the trainer the functions of the hull tank
selector valve are simulated by the group of
relays disclosed in the lower portion of Fig. 35
comprising AH relay 3548, AHI{ relay 3550 and
CH relay 3517 and CHI{ relay 3532, FH relay
3536 and FHI relay 3547. The functions per-
formed by the right engine selector valve are
simulated by RST relay 3509, REB relay 2334
and RHT relay 3568 and the functions performed
by the left engine selector valve are simulated by
the LST relay 3508, LBB relay 3509 and LHT
relay 8570. The functions of the right fuel
transfer pump are simulated by RTP relay 3513
and RTPI relay 3521 and of the left fuel trans-
fer pump by L'TP relay 3512 and LTPI relay 3523,
The functions of the cross-over and defueling
valves are simulated by CO relay 35¢1 of Fig. 35
and LSD relay 3457, DF relay 3458 and RSD relay
3459 of Fig. 34.

The operations simulating the selection of 4
hull tank, the transfer of fuel from such tank
to the wing service tanks from which the engines
are supplied will first be described. It has heen
assumed that the hull tank selector valve switch
3516 has been moved to the FH position to siimu-
late the selection of the forward hull tank for
supplying fuel to the right and left engine service
tanks and that FH relay 3536 has been operated.

t will now be assumed that the instructor oper-
ates the knob 2495 of the forward hull tank fue?
quantity control switch to the E or empty posi-
tion in which cam operated contacts 2429 are
opened and cam operated contacts 2428 are
closed. The opening of contacts 2428 opens the
circuit of FHI relay 3547 on the flight engineer’s
fuel control panel, which relay operated follow-
ing the operation of the FH relay 3536, over
conductor 3545 of cable 3500 and contacts 2429,
The closure of contacts 2428 establishes a cireuit
from ground over the right No. 1 right contacts
of relay 2609, over conductor 2611, contacts 242%,
through lamp FH to battery and ground and over
conductors of cables 3300 and 3321 to battery
through lamp 2859 of the low fuel indicating
lamps at the flicht engineer’s panel and over o
conductor of cable 3380 to battery through lamp
1825 at the pilot’s pedestal indicating low fuel in
the forward hull tank.

The movement of knob 2406 has also irioved
the slider of potentiometer 2445 towards the Mo. 1
terminal of its winding and with the selector
2829 of the fuel indicator 2831 at the flight engi-
neer’s panel set in a position to indicate the fuel
quantity in the forward hull tank, such indicstor
is controlled over a circuit extending from the
slider of potentiometer 2445, over a conductor of
cable 2830 and the brush of selector 28282 to oper-
ate the indicator 2831 to indicate the quantity of
decreasing fuel in the forward hull tank.

It will now be assumed that the instructor
moves the knob 2405 of the right wing service
tank fuel quantity control switch to the No. i
or 100 gallon position. With less than 180 gal-
lons left in this tank, the cam operated contacts
2422 are opened thereby opening the operating
circuit of RTP relay 3513 extending from ground
on bus bar DB, over the lower contacts of FT
relay 3339, operated upon the previous closure
of circuit breaker 3340, over conductor 3534 of
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cable 3500, over contacts 2422, conductor 3581 of
cable 3500 to battery through the winding of
RTP relay 35!3. Relay 3513 thereupon releases,
its locking circuit having been opened by the
release of the FH{ relay 3547, in turn releasing
RTPI relay 3821 and closing the cireuit of the
right fuel transfer pump dry lamp 3585, The
circuitt of lamp 3815 extends from hattery
through such lamp, over the back contact of
relay 3543 and over the inner upper contacts of
relay 3598 to ground on bus bar on DB. A circuit
is also closed in parallel with lamp 3515 over
conductor 3563 of cable 3802 and to battery
through fuel pump dry lamp 2248 at the instruc-
tor’s desk. These lamps hecome lighted through
the closure of the cam operated contacts 2428
as soon as the fuel quantity control switch for
the forward hull tank is moved into a position
indicative that the tank is less than 10 per cent
full. Lamp 3515 lights as a warning to the flight

engineer that the rump which has been trans-.

ferring fuel from the forward hull tank to the
right wing or service tank is about to run dry
and that the hull tank selector valve switch
should ke operated to render another hull tank
available for suprlying fuel to the wing service
tanks. ’

The flight engineer thereupon moves the hull
tank selector valve switch 3518 to the CH or

center hull tank position thereby relesasing 5 .

relay #9338 and extinguishing the forward hull
tank indicating lamyp 2423 at the instructor’s
desk and establishing an obvious circuit for the
CH relay 3517 which, upon operating, establishes
a circuit from ground over its upper contacts and
conductor 3518 of cable 3500 to battery through
the center hull indicating lamp 2413 at the in-
structor’s desk to inform the instructor that the
flight engineer has now operated the selector
valve switch to make fuel from the center hull
tank available. Relay 357 upon operating
establishes a circuit from battery through the
winding of the CHI relay 3532, over the lower
contacts of relay 35!7 and conductor 3533 of
cable 35808, over contacts 2418 to ground, where-
upon relay 3832 operates. He also operates the
fuel quantity indicator control switch 2829 to a
position in which the fuel quantity indicator
2531 is controlled to indicate the quantity of fuel
in the center hull tank.

The flight engineer now operates the left and
right wing tank switches 3538 and 2539 to their
right or automatic positions. The operation of
switchh 3838 establishes a circuit from ground
over its right contact and over conductor 3543
of cable 3508, to battery through L relay 2424
associated with the fuel quantity control switch
for the left wing service tank at the instructor’s
desk. The operation of switch 3539 establishes
a circuit from ground over its right contact and
over conductor 254! of cable 3508, to battery
through the R relay 2425 associated with the fuel
quantity control switch for the right wing ser-
vice tank at the instructor’s desk. Relay 2424
upon operating establishes a circuit over con-
ductor 2426 through the left wing tank auto-
matic lamp 2244 to battery and relay 2425 upon
operating establishes a circuit over conductor
2427 through the right wing tank automatic lamp
2245 to battery.

The flight engineer now operates tank switch
3542 to the right tank position momentarily,
thereby establishing the circuit of RWT relay
3543 which establishes a circuit from ground over
its upper contacts and conductor 3544 of cable
3560 throush lamp 2246 to battery, which lamp
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' lights to indicate to the instructor that the right
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wing service tank has less than 180 gallons of
fuel left in it. Relay 3943 also establishes a cir-
cuit from ground over the right contact of switch
3588, over the lower contacts of relay 3543 and
through the winding of RTP relay 3513 to bat-
tery. Relay 3513 thereupon operates, locks over
its lower contacts and the lower contacts of CH{
relay 3532 to ground on conductor 3534, estab-
lishes the operating circuit for RTP{ relay 352i
extending over its upper front contact, the inner
upper contacts of CH relay 3517 and over the
upper contacts of CHI relay 3532 to ground and
opens the circuit of right transfer pump dry lamp
3515 at the flisht engineer’s panel and the cir-
cuit of right transfer pump dry lamp 2248 at the
instructor’s desk which lamps become ex-
tinguished. At this time fuel is being pumped
from the center hull tank into the left and right
wing service tanks.

It will now be assumed that the instructor
turns the knob 2407 of the fuel quantity confrol
switch for the center hull tank to the empty posi-
tion in which position the cam operated contacts
2419 become closed and the cam operated con-
tacts 2418 become opened. The closure of con-
tacts 2419 establishes a circuit from ground over
the No. 2 right contacts of relay 2609, over con~
ductor 2610, over contacts 2419, through the low
fuel lamp CH to battery and in parallel with lamp
CH over conductors of cables 3300, 3380 and 3321
through the low fuel lamp 2858 on the flight
engineer’s panel to battery and through the low
fuel lamp (824 on the pilot’s pedestal to bat-
tery, to indicate a low fuel condition with respect
to the center hull tank. The opening of con-
tacts 2418 now opens the previously traced cir-
cuit of CHI relay 3532 which releages, in turn
releasing relay 3513. Relay 3513 upon releasing
now recloses the previously traced circuit for the
right transfer fuel pump lamps 3515 and lamp
2248 which again light as a warning that the
pump which has heen transferring fuel from the
center hull tank to the right wing tank is about
to run dry and that the hull selector valve switch
3516 should be operated to render another fuel
tank available for supplying fuel to the service
tanks.

The flight engineer thereupon moves the hull

. selector valve switch 3516 to the AH or aft hull

tank position thereby releasing CH relay 3517 and
extinguishing the center hull tank indicating lamp
2413 at the instructor’s desk and establishing an
obvious circuit for the AH relay 3548 which upon
operating establishes a circuit from ground over
its upper contacts and conductor 3548 of cable
3500 to battery through the aft hull tank indi-
cating lamp 2430 at the instructor’s desk to in-
form the instructor that the flight engineer has
now operated the selector valve switch to inake
fuel from the aft hull tank available. Upon the
release of CH relay 3517 and with CHI relay 3532
released, there is no circuit for holding RTP re-
lay 3513 and RTPI relay 3521 operated and they
release. Relay 3548 upon operating establishes
a circuit from battery through the winding of re-
lay AHI relay 3550, over the lower contacts of
relay 3548 and conductor 3551 of cable 3500 to
ground over the cam operated contacts 2612 of
the fuel quantity control switch for the aft hull
tank which contacts are closed as it is assumed
that this tank is full. :

It will now be assumed that the instructor

- turns the knob 2405 of the fuel quantity control
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switch for the right wing service tank to the
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empty position in which position the cam op-
erated contacts 2433 close and the cam opsrated
contacts 2416 open. The closure of contacts 2423
establishes a circuit from ground over the MNo, 4
right contacts of relay 2668, conductor 26i3, over
contacts 2433, through the low fuel lamp RW to
hattery and in parallel therewith over conducto:s
of cables 3350, 2380 and 232f through the low
fuel lamp 2§68 at the flisht engineer’s station to
battery and through the low fuel lamp (225 on
the pilot’s pedestal to battery to indicate a low
{uel condition with respect to the right wing serv-
ice tank which ic supplying the right engine.
The opening of contacts 2416 removes groun

from conductor 2522 of cable 3509 and releases ;

RF relay 3515 which upon releasing opens the cir-
cuit extending from ground over its inner upper
contacts, over conductor 3525 extending to the
R. P. M. motfor control circuit of fig. 40 for the
right engine and thence over the lower No. 3
contacts of the ON relay 40809, over conductor
3215 through the winding of RF'S reiay 332§ to
battery. Relay 35%Z6 releases and with RFS{ re-
lay 38527 locked operated under the control of
RFS2 relay 3528, reiay 3326 closes the filament
circuit for the timing tube 3531 which after about
10 seconds becomes conductive and operates re-
lay 3528 over ite cathode-anode circuil to release
velay 3827, Relay 3527 upon releasing opens ihe

»

by 3

from conductor 3523 and disconnects conductor
3332 from conductor 25081 extending to the right
ngine disabling key 2530R, in the start circuit
for the right engine, whereupon the ST relay

[}

o &

5338 of the right engine control circuit of Fig. 56 3

releases to cause the right engine to stop but o
continue to he driven at 800 R. P. M. by the wind-
milling of its propeller. The trainer circuits now
respond to the disabled condition of the right
engine in the manner previously described. The
flight engineer becomes aware of the fact that
the right engine has stopped by the decrease in
the engine noise and by the indication given by
the right engine tachometer 28i5. The timing
tube 8531 after an interval becomes conducting

and opens the circuit of relay 3528 which releases.

This condition might, for example, signify that
the right fuel transfer pump has failed to operate
or that the flight engineer has failed to make the
aft hull tank available.

The flight engineer will now operaie the cross-
over defuel valve switeh 3560 to the left or eross-
over position thereby establishing an obvious cir-
cuit for CC relay 3%81. Relay 3551 upon operat-
ing e¢stablishes a circuit irom ground over its
inner upper contacts and conductor 3552 of cable
3868 through the cross~feed lamp 2432 to battery
whereupon this lamp lights to inforin the in-
structor that the cross-feed valve switch on the
iuel transfer panel has been operated. Relay
{ also connects the winding of RTPI relay
§2{ over its upper contacts in paraillel with the
winding of LTPI relay 3523 to the inner upper
{ront contact of LTP relay 3512 and since L'TP
relay 3512 is assumed to be operated at this time,
RTPi relay 2521 now operates in parallel wit
LTP{ relay 3523 in a circuit from ground over
the upper contacts of AHI relay 3585, over the
inner upper contacts of AH relay 3548, over the

3

upper front contact of LTP relay 3512, over the

upper contacts of CO relay 3561 and through the
winding of RTPI( relay 352( to hattery. Relay
352! upon operating now establishes the circuit
of RF rvelay 3519 from battery through the wind-
ing of such relay, over the inner lower contacts

Hament circuit of tube 353{, removes grcund i
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of the RST relay 3508 to zround over the alier-
nate contacts of RTPI relay 3521, With relay
3519 reoperated, the circuit of the RFS relay 2328
is reestablished and relay 3526 cperates in turn
causing the operation of relay 3527 which locks
under the control of relay 3528, now released, and
resstablishes the circuit of ST relay 333 of Fig.
56 whereupon the right engine is again starie

in the manner previously described. When this

; engine starts in response to the simulated receint

of fuel from the left wing service tank, it in-
creases in speed to 1800 R. P, M, and the scund
effects circuit of Fig. 53 is controlied to cause a
corresponding increase in the simnulated engine
noize.

The iflight engineer will now operate the tank
switch 3542 momentarily to the right, ihershy
causing the momentary operation of BRWT relay
3543 which again causes the lighting of lamp 224§
at the instructor’s desk and closes cover its lower
contacts, and the right contacts of switch 3532,
the circuit of RTP relay 3313 which now operates
and opens the circuit of the right fuel transfer
pump dry lamp 3315 at the flicht engineer’s pansl
and the circuit of the corresponding lamp 224¢
at the instructor’s desk.

It will now be assumed that the right wing
service tank has now become full through the
cperation of the transfer pump and to simulate
this condition the instructor turns the knop 2485
to the ¥ or full position in which position the
cam operated contacts 2416 are clesed, the cam
operated contacts 2422 and 2433 are opencd, lamp
RW at the instructor’s desk, lamp (525 at the
vilot’s pedestal and lamp 2888 on the flight en-
gineer’s panel are now extinguished by the open-
ing of contacts 2433 and the previcusly traced
circuit for RTP relay 3513 is closed over contacts
2422,

It will now be assumed that the instructer
instead of simulating the conditions in which
the fuel supply in the right wing tank becomes
depleted and causes the disabling of the right
engine, simulates the depletion of the fuel supuiy
in the left wing service tank thereby causing the
disabling of the left engine. It wili be assumed
that the lamps FH, 2859 and {225 have lighied
indicative of a low fuel condition in the forward
hull tank. The instructor now moves ths knob
2404 of the fuel guantity control switch for the
left wing service tank for indicating that oniy
100 gallons of fuel are left in such tank, where-
upon the cam operated contacts 2421 open there-
by opening the circuit of L'TP relay 35(2. Relay
3512 thereupon releases since its locking circuit
has been opened by the release of the ¥ relay
3532, in turn releasing LTP! relay 3523 and cios-
ing the circuit of the left fuel transfer pump dry
lamp 3514, The circuit of lamp 3514 extends
from hattery through such lamp, over the back
contact of relay 3512 and over the inner upper
contacts of relay 3598 to ground on hus har G&
and in parallel over conductor 3545 of cable 3598
through lamp 2241 at the instructor’s desk o
hattery. Lamps 3514 and 2247 light to indicate
that the transfer pump which has been trans-
ferring fuel from the forward hull tank to the
left wing service tank is about to run dry and
that the fuel trunk selector valve switch should
be operated to render another fusl tank available
for supplying fuel to the wing service tanks.

The flight engineer thereunon moves the fuel
selector valve switch 3518 to the CH or center hull
position thereby releasing the FH relay 353§ and
extinguishing the forward hull lamp 2423 at the
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" instructor’s desk and establishing the circuit of
CH relay 3517 which in turn causes the lighting of
lamp 2413 at the instructor’s desk as previously
described. With relay 35I7T operated the pre-
viously traced circuit for CHI relay 3532 is es-
tablisied. The flight engineer now operates the
left and right wing tank switches 3538 and 3538
to their right or automatic positions thereby
causing the operation of relays 2424 and 2425 and
the lighting of lamips 2244 and 2245 at the in-
structor’s desk as previously described. There-~
after the flight engineer operates the tank switch
3542 to the left tank position momentarily, there-
by establishing the circuit of LWT relay 3566
which in turn establishes a circuit from ground
over its upper contacts and conductor 3567 of
cable 3500 through lamp 2249 to battery, which
lamp lights to indicaté to the instructer that the
left wing service tank has less than 180 gallons of
fuel in it. Relay 3566 alsg establishes a circuit
from ground over the right contacts of switeh
3538, over the lower contacts of relay 3566 and
through the winding of L'TP relay 3512 to battery.
Relay 3512 thereupon operates, locks over its
lower contacts and the lower contacts of CHI re-
lay 3532 to ground on conductor 3534, establishes
the oberdting circuit for the L'TFI relay 3523 over
its upper froht contact and the inner upper con-
tacts of CH relay 8517 and over the upper con-
tacts of CHI relay 3532 to ground, and opens the
cireuit of left pump dry lamps 3514 and 2241. A
this time fuel is being pumped from the center
hull tank into the wing service tanks.

It will now be assumed that the instructor turns
the kriob 2407 of the fuel quantity control switeh
for the center hull tank to the empty position in
which position contacts 2419 are closed to estab-
lish the circuits of lamps CH, 1824 and 2858 as
previously deseribed to indicate the low fuel con-
dition of the centeér hull tank, and in which posi-
tion the contacts 2418 are opened to cause the
retease of CHI relay 3532 which in turn cauises
the release of LTP relay 3512. Relay L'TP upon
releasing restores the previously traced circuits
for the left fuel pump lamps 3514 and 2247 which
again light as a warning that the pump which has
Been transferring fuel from the cénter hull tank
to the left wing service tank is about to run dry
and that the hull tank selector Vvalve switeh
should be operated to render another fuel tank
available for supplying fuel to the service tanks.

The flight engineer thereupon moves the fuel
selector valve switch 3516 to the AH or aft hull
position thereby releasing CH relay 3517 and ex-
tinguishing lamp 2413 and operating AH relay
3548 and lighting lamp 2430 ag previously de-
scribed. Relay 3548 upon operating establishes
the previously traced circuit for AHI relay 3550.
It will now be assumed that the instructor turns
the knob 2404 of the fuel quantity switch for the
left wing service tank to the empty position in
which poésition the cam operated contacts 2431
close and the cam operated contacts 2417 open.
The closure of contacts 2431 establishes a circuit
from ground over the No. 3 right contacts of re-
lay 2609, conductor 2614, over contacts 2431
through the low fuel lamp LW to battery and in
parallel therewith over conductors of eables 3399,
3380 and 332f through the low fuel lamp 2862 at
the flicht engineer’s station to battery and
through the low fuel lamp 1828 on the pilot’s
pedestal to battery to indicate a low fuel condition
with respect to the left wing service tank which is
supplying the left engine. The opening of con-
tacts 24171 removes ground from conductor 3524
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of cable 3500 and theréby releases LF relay 3820
which rémoves ground from condiictor 3552 ex-
tendmg to the R: P. M. motor control circuit of
¥ig. 40 for the left engme thence over the lower
NG. 3 contact of thie ON rélay of such control cir-
cuit, correspondmg to relay 4009, over conductor
3553, through the w1nd1ng of LFo relay 3554 to
battery Relay 3554 releases and, with LFS! re-
lay 3555 locked Opérated utider the control of
LFS2 velay 3558, closes the filament circuit of
timing tube 3557 whereby after an interval of
about ten seconds, the tibe becomes conddeting
and operates relay 3556 over its cathode-anode
citeuit. Rélay 3556 lpon operatmg releases re-
14y 3555 which opens the filarient Leating circuit
of tube 3557 wherdupon relay 3556 releases. Re-
lay 8555 upon réléasing removes ground from
conduetor 3558 and disconneécts conductor 3559
¥6in conductor 2528 extendlng to the left engine
disablirig key 2500L in the start circuit for the left
engine; Whereupon the 8T relay of Frg 45: corre-
sbonding to relay 5638 of Fig. 56, releases to cause
the left engine to stop but the engine continues
1o be driven at 800 revolutions per mmute by the
wmumrlhng of its propeller The tralner cn'cults
now respond in the manner prev1ously descrrbed
Thé flight engineer becomes aware of the fact
that the left engine has stopped by the decrease
in the englne roise and by the indication given by
the left engme tachometer 2814,

‘the flight engineer will now operate the cross-
over switch 3560 to the left Or cross-over posl-
tion thereby estabhshmg an obvious c1rcult for
€O relay 3561 which in turn estabhshes the cir=
Culb of lamp 2432 as prev1ously descrlbed and
co*mects the wlndmg of L'TPI relay 3523 over its
upper contgets in parallel with the w1ndlng of
RTPI relay 3521. Since RTP relay 38513 is
assumed to be operated at thls time, relay 3523
1OW operates in parallel w1th relay 352! in the
circuit previously traced and relay 3523 upon
opérating reestabhshes the clrcult of LF relay
3520 which may be traced from battery through
the wmchng of such relay, over the 1nner lower
contacts 0f LST relay 3508 to ground over the
alternate contacts of LTPI( relay 3523, With re-
lay 3520 reoperated, the c1rcu1t of the LFS relay
3554 is reestabllshed and 1elay 3554 operates in
turn causmg the operatlon of relay 3555 w. h

leased, and reestabhshes the c1rcu1t of the ST
relay of Fw 45 whereupon the left engme 1s agaln

When th1s englne starts 1n response to the simu-
lated recerpt of fuel from the rlght wing servrce
tank it increases its speed to 1800 revolutrons per
mmute and the sound eﬁects 01rcu1t is controlled
to cause a corresponding increase in the engine
noise.

The ﬂlght engmeer w1ll now operate the tank
sw1tch 3542 momentanly towards the left there-
by causmg the momentary operatlon of LWT re-
lay 3560 wh1ch again causes the llghtmg of lamp
2249 at the 1nstructors desk and closes over its
lower contacts and the r1ght contacts of swrtch
3538, the circuit of LTP relay 3512 whlch now
operates and opens the circuit of the left fuel
transfer pump dry lamp 35!4 at the _engineer’s
panel and of the corresponding lamp 2247 at the
instructor’s desk:

It will now be assumed. that to. s1mulate the
empty condition of the aft hull tank, the instrucs
tor now turns the knob 2802 of the fuel quantity
¢ontrol swrtch for the aft hull tank to the empty
position thereby opening the cam operated con-
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tacts 2612 and closing the cam operated contacts
2613. With contacts 2613 closed, a circuit is estab-
lished from ground over the left No. 2 contacts
of relay 2609, over contacts 26{3 and through
lamp RH to battery and in parallel with such
lamp over conductors of cable 3300, 3380 and
3321 through lamp 2861 on the flight engineer’s
panel to battery and through lamp 1827 on the
pilot’s pedestal to battery to indicate a low fuel
condition of the aft hull tank. The opening of
contacts 2612 causes AHI relay 3550 to release
thereby opening the locking circuit of RTP relay
35{5 which now releases in turn releasing RTP{
relay 3221 and closing the circuit of the right fuel
transfer pump dry lamp 3515. The circuit of
lamp 3515 may be traced from battery through
such lamp, over the upper back contact of RTP
relay 25(3 and over the inner upper contacts of
RST relay 3509 to the ground bus bar GB. In par-
allel with lamp 3515, a circuit is also established
over conductor 3563 of cable 3500 through lamp
2243 at the instructor’s desk to battery. Lamps
3515 and 2248 light to indicate that the right fuel
pump is about to run dry. RTP relay 3513 upon
releasing causes the release of RTPi relay 3521
but RF relay 35{9 does not release being held
operated from ground supplied over the contacts
2418, conductor 2522 of cable 3500 over the lower
contacts of RST relay 3509, the normal contacts
of RTP/{ relay 3521, over the inner lower con-
tacts of relay 3509 and through the winding of
relay 3519 to battery. Consequently the right
engine continues to operate. The flight engineer
now turns the cross-over switch 3560 to the off
position thereby releasing CO relay 3561 and ex-
tinguishing lamp 2432 but without further effect.

The flight engineer now turns the selector valve
switch 3507 for the right engine to the BB or
bomb bay tank position whereupon RST relay
3509 releases and RBB relay 3564 operates. Re-
lay 3508 upon releasing opens the circuit of lamp
2412 at the instructor’s desk and lamp 2434 lights
over a circuit which may be traced from batiery
through such lamp over conductor 3565 of cable

3500 to ground over the upper contacts of RBB

relay 3584. The release of RST relay 3509 opens
the previously traced circuit of RF relay 3519
which functions to release RFS relay 3526 and
render the timing tube 3531 conducting. The tube

3531 requires about fen seconds to become con- :
ductive and to operate RFS2 relay 3528 to release

RFSI relay 3527 and thereby cause the stopping
of the right engine as previously described. This
ten-second time delay simulates the time required
to drain the right engine carbureter should the
flight engineer be slow in operaiing the right
engine selector valve switch or not properly op-
erate it. If he operates it soon enough and prop-
erly, then the operation of RBB relay 3564 will
reestablish the circuit of RF relay 3519 and the
circuit of RFS relay 3526 to prevent relay RFSI
relay 3527 from releasing to stop the right en-
gine. Relay 3564 establishes the new circuit for
RF relay 3518 extending through the winding
thereof, over the inner lower contacts of relay
23564, conductor 3571 of cable 3500 to ground over
the cam operated contacts 2615 of the fuel quan-
tity control switch for the right bomb bay tank
which contacts are closed since this tank is
assumed to be full.

It will now be assumed that to simulate the
empty condition of the right bomb bay tank, the
instructor operates the knob 2603 of the fuel
quantity control switch for the right homb bay
tank to the empty position thereby closing the
cam operated contacts 2617 and opening the cam
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operated contacts 2615. The closure of contacts
25171 establishes a circuit from ground over the
left No. 1 contacts of relay 2609, over contacts
2617 and to battery through lamp RBB and in
parallel therewith over conductors of cables 3300,
3280 and 3321 to battery through lamp 1829 at
the pilot’s pedestal and lamp 28€3 at the flight
engineer’s panel to indicate a low fuel condition
of the right bomb bay tank. The opening of con-
tacts 2515 opens the circuit of RF relay 3518
whereupon relay 3519 releases and in the manner
previously described causes the right engine con-
trol circuit to function to simulate the stopping
of the right engine which stopping becomes evi-
dent to the flight engineer through the reduced
engine noise and the indication of the right en-
gine tachometer 2815.

After the depletion of the fuel supply in the
hull tanks, the flight engineer alse operated the
left engine selector valve switch 3506 to the BB
position thereby releasing LST relay 3508 and ex-
tinguishing lamp 241f and causing the operation
of LBB relay 3559 which establishes a circuit from
ground over its upper contacts and conductor
3572 of cable 3500 to battery through lamp 2435
at the instructor’s desk to inform the instructor
that the left bomb bay tank has been selected
by the flight engineer. Relay 3569 now estab-
lishes a new circuit for LF relay 3520 which may
be traced through the winding thereof, over the
inner lower contacts of relay 3569, conductor
3573 of cable 3580 to ground over the cam oper-
ated contacts 2618 of the fuel quantity control
switch for the left bomb bay tank which contacts
are closed since this tank is assumed to be full.

It will now be assumed that to simulate the
emrpty condition of the left bomb bay tank, the
instructor operates the knob 2604 of the fuel
guantity control switch for the left bomh bay
tank to the empty position, thereby closing the
cam operated contacts 2619 and opening cam
operated contacts 2618. The closure of contacts
2619 establishes a circuit from ground over the
left No. 3 contacts of relay 2609, over contacts
2518 and thence to hattery through lamp LBB
and in parallel therewith over conductors of
cables 3300, 3380 and 332f to battery through
lamp 1830 of the pilot’s pedestal and lamp 2864
at the flight engineer’s panel to indicate a low
fuel condition of the left bomb bay tank. The
opening of contacts 2618 opens the circuit of LF
relay 3520 whereupon this relay releases and in
the manner previously described causes the left
engine control circuit to function to simulate
the stopping of the left engine, which stopping
becomes evident to the flight engineer through
the reduction of the engine noise and the reduc-
tion of the readingz of the left engine tachometer
2814 to 800 revolutions per minute.

Should it be assumed that one of the wing
service tanks hecomes damaged so that no fuel
may be fed from it to the engine on the same
side of the aircraft, that engine could be fed from
one of the hull tanks should there be fuel left
in the hull tank. 'To simulate this condition and
assuming that there is fuel for example in the
center hull tank and that therefore CH relay
3517 and CHI{ relay 3532 are both operated as
previcusly described, and assuming that the right
service tank has hecome damaged, the flight en-
gineer operates the right engine selector valve
switch 3537 to the HT position thereby releasing
RST relay 3509, assumed to be operated, and op-
erating RHT relay 3568. Relay 3509 upon re-
leasing opens the circuit of lamp 24(2 at the in-



2,684,281

117

structor‘s desk and relay 3568 closes the éircuit
of the right hull tank lamp 243§ over a circuit
extending over conductor 3574 of cable 3500 and
over the inner upper contacts of relay 3558 to
ground. Relay 3568 also establishes a circuit from
battery through the winding of RTP relay 3513,
over the upper contacts of relay 3568, over the
lower contacts of relay 3532 and to ground on
conductor 3534 and relay 3513 operates estab-
lishing the previously traced circuit for RTPI
relay 3521. With relay 3521 operated the circuit
of RF relay 3519 is established over the inner
lower contacts of relay 3568 and to ground over
the alternate contacts of relay 3521, ,

It will now be assumed that to simulate the
exhaustion of the fuel in the center hull tank,
the instructor turns the knob 2497 of the fuel
quantity control switch for the center hull tank
to the empty position thereby closing contacts
2419 to light lamps CH, {524 and 2858 and open-
ing contacts 2418 to release the CHI{ relay 3532.
Relay 3532 upon releasing opens the operating
circuit of RTP relay 3513. If it also be assumed
that the instructor has operated knob 2405 of the
fuel quantity control switch for the right wing
szrvice tank to the empty position thereby open-
ing cam operated contacts 2422 to remove ground
from conductor 3538, there is no circuit for relay
3513 and it releases to close the circuit of the
right fuel transfer pump dry lamp 3515 which
lights. Relay 3513 upon releasing also releases
RTP! relay 3521 which opens the circuit of relay
3519 to cause the right engine to stop. The flight
engineer will then operate the hull tank selector
switch 3518 to select the aft hull tank if it has
fuel, whereupon the CH relay 3517 will release
and AH relay 3548 will operate in turn operating
Al relay 3550 as previously described. With
RHT relay 3568 still operated, relay RF will again
operate to start the right engine. With RHT
relay 3568 operated, ground is applied directly
to conductor 3528 from the upper contacts of re-
lay 351§, over the lower contacts of relay 3568
to cause an immediate operation of ST relay 5150
of the fuel pressure motor control eircuit where-
by such circuit responds at once to cause an
indication of fuel pressure rather than to wait
for the reoperation of RFSI relay 3527 signifying
the right engine has been restarted. 'This is to
simulate the condition in an actual aircraft
whereby when the engine is being supplied di-
rectly from the fuel transfer pump, the fuel pres-
sure will rise more quickly than when supplied
from a wing service tank under pressure supplied
by the engine driven fuel pump. .

The same procedure may be followed to simu-
late the supplying of fuel from the hull tank di-
rectly to the left engine by the operation of the
left. engine-selector valve switch 3885 to the HT
position: thereby releasing the previously oper-
ated LST relay 3508 and operating the LHT
relay 3576. Relay 3570 upon operating connects
ground to conductor 3575 of cable 3508 over its
inner upper contacts whersby lamp 2437 at the
instructor’s desk is lighted and causing the. op-
eration of LTP relay 3512, L'TPI relay 3523 and
LI relay 3523, the latter relay maintaining the
left engine in operation if the flight engineer
made the fuel transfer without delay.

The simulation of the operation of the cross-
over valve to the cross-over position whereby
beth engines may be operated from one or the
other of the wing service tanks has been previ-
ously described. The cross-over may also be
effected whereby both engines may be .supplied
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with fuel from 4 hull tank by the same fuel frans~
fer pump. It-will now be assumed that this
latter condition is to be simulated and that at
this time the right and left engine selector valve
switches 3506 and 3837 are both operated to the
HT position in which position RHT relay 3568
and LHT relay 3570 are operated. The flight
engineer now operates the cross-over valve
switch 3568 to the COr position therzby causing
the operation of CO relay 356f. With fuel in
the hull tank which has been selected for use,
RTP relay 3813 and LTP relay 3512 will both
be locked operated in turn holding RTPI relay
3521 and LTPI relay 3523 operated. With relay

5 35821 operated, the RIF relay 3519 is operated over

the inner lower contacts of relay 3588 and the
alternate contacts of relay 352{ and, with relay
3523 operated, the LF relay 3528 is operated over
the inner lower contacts of relay 3570 and the
alternate contacts of relay 3523. With CO relay
3851 operated, the front contacts of both relays
3521 and 3523 are tied together over the upper
contacts of relay 356! so that the ground sup-
plied to the front contact of either relay 352i
or 3522 will hold the RF and L¥ relays 3519 and
3529 operated to maintain both engines in opera-
tion.

To simulate the operation of the valves to
guickly defuel a hull tank by supplying both en-
gines from the same tank and permitting fuel
{0 be drained away at the same time, the cross-
over valve switch 3580 is operated to the defuel
(D¥) position thereby establishing the circuit
of the DF relay 3458 which cperates to establish
a circuit from ground over its upper contacts
and conductor 3578 of cable 3500 tc hattery
through the hull tank defuel lamp 2448 at the
instructor’s desk to inform the instructor that
a hull tank is being defueled. It will bz assumed
that the hull tank selector switch 3518 is operated
into the AH position to defuel the aft hull tank,
thereby operating AH relay 3848 and lighting aft
hull tank lamp 2438 and causing AHI{ relay 3550
to become operated. The right engine selector
valve switch 3587 will be set to the HT position
thereby operating RHT relay 3563 and the left
engine selector valve switch 3598 will be set to the
HT position thereby operating LHET relay 25%0.
With relay 3588 operated the RTP relay 5313 will
be operated under the control of AH! relay 2559
in turn causing the operation of RTP{ relay 3524
in the manner previously described. With relay
35706 operated the LTP relay 3512 will be oper-
ated under the control of AHI relay 355§ in turn
causing the operation of LTPI relay 3%23 in the
manner previously described. Now with DP re-
lay 2488 operated, the front contacts of RTPI
relay 3%2{ and LTPI relay 3523 are intercon-
nected ahd therefore 50 long as either the RTPI
relay 3821 or the LTPI relay 3%23 remain oper-
ated or until AHI relay 3558 releases, when the
instructor moves the knob 2602 of the fuel quan-
tity control switch for the aft hull tank to the
peeition indicating the compiete defueling of the

5- aft hull tank, both RF relay 35{8 and LF relay

3520 will be held operated and both engines will
continue to run. The circuit for relay 3519 is
established over the inner lower contacts of relay
3568 to ground over the alternate contacts of
relay 3521 and also over the lower contacts of
DF relay 2458 and over the alternate contacts of
relay 3523 to ground, and similarly the circuit of
relay 3520 is established over the inner lower
contacts of relay 3578 to ground over the alter-
nate contacts of relay 3523 and also over the
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lower contacts of DFrelay 3458 and ovér the alter-
nate contacts of relay 382i to ground. The flight
enginesr may determine when the hull tank is
about to become defueled from the fuel quantity
indicator 283i. Each of the other huil tanks may
be defueled in the same manner.

To simuiate the operation of the valve switches
to quickly defuel a wing service tank by supply-
ing both engines from that tank and also permit-
ting fuel from the tank to ke drained away, a
condition which might occur if the service tank
became damaged, the cross-over valve switch
3580 is set to its DF position thereby operating
DF relay 3458 and lighting the defuel lamp
2448, If it be assumed that it becomes desira-
ble to defuel the right wing service tank, the
right engine selector valve switch $807 is op-
erated to the STD position and the left engine
selector valve switch 3548 is set to the ST posi-
tion. With switen 3507 set to the ST position,
the circuit of RSD relay 3493 is established from
ground over the contacts of switech 3507 and
over conductor 25i¢ through the winding of
relay 3459 to battery. With relay 3453 operated,
the right wing service tank drain lamp 2438 at
the instructor’s desk is lighted over a circuit ex-
tending from ground over the upper contacts of
relay 3459 and conductor 3577 of cabie 3530 to
battery through lamp 2438 to indicate to the in-
structor that the right wing service tank is be-
ing drained. With relay 3435 operated, a cir-
culit is established from ground over the cam op-
erated contacts 24i6 of the fuel quantity con-
trol switch for the right wing service tank, over
conductor 3522, over the lower contacts of relay
3453, over the normal contacts of RTPi relay
3521, over the lower contacts of DF reiay 3458,
over the inner lower contacts of L.3T relay 3508
through the winding of LF relay 3528 {o bat-
tery and in parallel over the inner lower con-
tacts of RSD relay 3455 through the winding of
RF relay 3518 to battery. With the LF relay
3528 and the RF relay 2519 both operated, both
engines continue to run, supplied from the left
wing service tank, until the instructor operates
the knob 24§5 of the fuel quantity control switeh
for the right wing service tank to the empty
position indicating that the right wing service
tank has become completely defueled. The
fiight engineer may follow the depietion of the
fuel by observing the operation of the fuel guan-
tity indicator 283! in response to the movement
of the right wing service tank fuel quantity con-
trol switch toward the empty position and take
steps to operate the selector switches to main-
tain the engines running from fuel supplied from
another tank. )

A similar preecedure may be followed to defuel
the left wing service tank. In this casa the left
engine selector valve switch 3535 is operated to
the STD position thereby causing the operation of
the LSD relay 3457 which in turn establishes a
circuit from ground over its upper contacts and
conductor 3573 of cable 3580 to battery through
lamp 2433 which lights to inform the instructor
that the left service tank is to be defusled. The
right engine selector valve switch 3587 is set to
its 8T position in which RST relay 3589 is op-
erated. The cross-over switch 3528 is also op-
erated to its DF position thereby causing the
operation of DF relay 3452, 1ntil the instructor
operates the fuel quantity control switch for the
left wing service tank to indicate the empty con-
dition thereof, both RF relay 35!9 and LF relay
3520 are maintained operated to keep both engines
running on fuel supplied from the left wing
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service tank. The flight engineer may follow
the depietion of the fuel by observing the op-
eration the fuel quantity indicator 4831 in re-
sponse to the operation by the instructor of the
1uel quantity control switch towards its empty
position and may take steps to operate the selec-
tors to maintain the engines running on fuel sup-
plied from another tank.

To stimulate the draining of the wing service
tanks, the auxiliary power plant and the main
engines by a drain valve on the fiight engineer’s
panel, the drain switch 3599 is provided. If, for
example, this switch is operated to the RE posi-
tion indicative of the establishment of a condi-
tion to drain the right engine, a circuit is estab-
lished from ground thereover, over conductor
3580 of cable 3500 to battery through RE drain
lamp 2440 at the instructor’s desk to inform the
instructor that the right engine line is being
drained. Similar circuits are established in the
LE, APP, RST and LST positions of switch 3599
for the corresponding lamps 244f, 2442, 2443
and 2444 at the instructor’s desk.

Engine performance controls

The instructor may simulate a change in the
manifold pressure of both engines by turning
the manifold pressure rheostats 2330 and 2340
in counter-clockwise directions, thereby reduc-
ing the potentials applied to the control conduc-
tors of the manifold pressure motor control cir-
cuits of Fig. 41 until the manifold pressure in-
dicators controlled thereby indicate reductions
of manifold pressures to, for example, 19 inches
of mercury. The reduetions in manifold pres-
sures, will, as previously described, also result in
a reduction of the engine speeds indicated by the
tachometers mounted on the instrument panels.

To counteract this condition, the flicht engi-
neer should move the carbureter air control
switches 2914 and 2915 to their upper or alternate
air positions. In these positions the direct air
lamps 2206 and 2207 at the instructor’s desk be-
come extinguished and circuits are established
over the upper contacts of the switches and con-
ductors 2857 and 2858 of cable 2850 to battery
through the alternate air lamps 2250 and 225{
at the instructor’s desk to indicate that the car-
bureters have been set for the alternate air sup-
plies. The manifold pressure rheostats 2330
and 2340 may now be restored to their normal
positions whereupon the indicated manifold pres-
sures will return to their former values and the
engine speeds will return to the assumed 1800
revolutions per minute.

The instructor may simulate increases in the
cylinder temperatures of both engines by turning
the cylinder temperature rheostats 2318 and 2322
in counter-clockwise directions, thereby increas-
ing the currents flowing through the cylinder
temperature indicators 2321 and 2839 to cause
them to show increased cylinder temperatures,
for example, of 150° C. The instructor may sim-
ulate increases in the right and left engine oil
temperatures by turning the oil temperature
rheostats 2306 and 2310 in clockwise directions
thereby increasing the currents flowing through
the engine oil temperature indicators 2308, 2312,
2817 and 2818 to cause them to show increased
oil temperatures, for example, of 60° C. The in-
creases in cylinder and oil temperatures might,
for example, be due to the fact that the flight en-
gine;er had failed to open the cowl flaps of the
engines.

The flight engineer upon observing the in-
creased temperature readings of the cylinder tem-
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perature indicator 2839 and oil temperature in-
dicators 2817 and 2818, will take steps to open
the engine cowl flaps by the operation of the cowl
flap keys 3449 and 3458 to their right or open
positions, thereby operating the OP relays such
as 8133 of the cowl flaps, motor control circuits
of Figs. 57 and 46 and controlling these motor
circuits to operate in the manner previously de-
scribed in simulation of the opening of the cowl
flaps. As these circuits operate, the brushes of
their potentiometers, such as 5775 are moved to-
ward the No. 1 terminals of their windings there-
by controlling the engine cylinder and oil tem-
perature motor control circuits of Figs. 57 and
46 in such a manner that the potentiometers con-
trolled thereby, for example, the potentiometers
4625 and 4626, are adjusted to reduce the cur-
rents flowing through the cylinder temperature
and oil temperature indicators. The flicht en-
gineer will hold the keys 3449 and 3458 operated
until the temperature readings of the cylinder
temperature ‘indicator 2839 are reduced to 100°
C. and the temperature readings of oil tempera-
ture indicators 2817 and 2818 are reduced to 25°
C. The instructor is informed concerning the
ovening of the engine cowl flaps by the lighting
of the cowl flaps open lamps 2224 and 2235 in the
manner previously described and by the reduction
of the indications on the cylinder temperature
indicator 2321 and the oil temperature indicators
2388 and 2312 at his desk.

The instructor now returns the cylinder tem-
perature rheostats 2318 and 2322 to normal in
which positions, with the new settings of the
cylinder temperature potentiometers, such as
4626, the cylinder temperature indicators 2321
and 2839 are controlled to reduce their tempera-
ture indications to approximately 59° C. At the
same time the instructor also operates the oil
temperature rheostats 2306 and 2310 to normal
whereupon, with the new setting of the cylinder
temperature potentiometers, such as 4625, the oil
temperature indicators 2308 and 2312 at the in-
structor’s desk and 2817 and 2818 at the flight en-
gineer's instrument panel will be operated to
change their readings, for example, to approxi-
mately 20° C.

To simulate a decrease in the eylinder tem-
peratures of both engines, the instructor may turn
the cylinder témperature rheostats 2318 and 2322
in a clockwise direction, thereby decreasing the
currents flowing through the cylinder tempera-
ture indicators 2321 and 2833 to cause them to
show decreased cylinder temperatures, for ex-
ample, of 50° €. The instructor may simulate a
decrease in the right and left engine oil tempera-
tures by turning the oil temperature rheostats
2386 and 2218 in a counter-clockwise direction
thereby decreasing the currents flowing through
the engine oil temperature indicators 2308, 2312,
2817 and 2818 to show decreased oil temperatures,
for example, of 20° C. These decreases in tem-
perature might, for example, be due to high al-
titude flying with the engine cow! flaps open.

The flight engineer observing the decreased
temperature readings would then cause the clo-
sure of the engine cow! flaps through the opera-
tion or the cowl flap keys 3448 and 3458 to their
left or closed positions thereby operating the CL
relays such as 574{ of the cowl flaps motor con-
trol eircuits of Figs. 57 and 46. In the manner
previously described, these motor control circuits
operate their potentiometers, such as 57115, to
cause the cylinder and oil temperature control
circuits to reset the brushes of potentiometers
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4625 and 4626 in directions indicative of an in-
crease in the cylinder and oil temperatures until,
for example, the cylinder temperature indicators
2321 and 2839 show temperatures of 100° C. and
the oil temperature indicators 23068, 2312, 2817
and 2818 show temperatures of 25° C. Keys 3449
and 3458 are then moved to their open positions.
The instructor is informed of the action taken
by the flight engineer by the lighting of the cowl
flaps closed lamps 2225 and 2236 and by the in-
creased temperature readings of the indicators
2321, 2308 and 23i2. .

‘The instructor may simulate an increase in the
engine oil pressures hy the operation of increase
pressure keys £34% and 2342 and a decrease in
the oil pressurves by the operation of decrease
pressure keys 2843 and 2344. When key 2344 is
operated, a circuit is established from ground
over its contacts, over conductor 5770 of cable
3188 to battery through the winding of DOP re-
lay 5716 of the right engine o0il pressure motor
gircuit of Fig. 57. Relay 5719 upon operating
closes at its lower contacts, a circuit extending
through the upper secondary winding of power
transformer 3T6!, through resistance 5764, over
the lower contacts of relay 5718, over the cam
operated contacts §738 and through the resistance
5116 and the rotor winding of motor 5715 where-
by potential of phase ¢l is applied across the
rotor winding and the motor turns the shaft 5722
in such a direction that the transmitting auto-
syn 5723 operates the right engine oil pressure
indicator 2338 at the instructor’s desk and 2809
at the flight engineer’s instrument panel to show
a decreasing oil pressure. When the .indicated
oil pressure reaches 40 pounds, for example, the
instructor opens the key 2344 thereby releasing
relay §712 to stop the motor 57(5. In a similar
manner the closure of the contacts of key 2343
establishes a circuit over conductor 4672 of cable
4680 to control the engine oil pressure motor cir-
cuit for the lsit engine, Fig. 46, to cause the oil
pressure, indicators 2335 and 2809 at the instruc~-
tor's desk and on the flisht engineer’s panel to
show a decreasing left engine oil pressure. When
the indicated oil pressure reaches 40 pounds, for
example, the instructor releases the key 2343
whereupon the motor of the left engine 0il pres-
sure circuit stops.

When the pressure increase key 2342 is op-
erated, & circuit is established from ground over
the contaets of such key, over conductor 5768 of
cable 5789 to batiery through the winding of IOP
relay 8758 of the right engine oil pressure motor
circuit of ™ig. 37. Relay 5783 upon operating
closes at its lower contacts a circuit extending
through the lower secondary winding of the power
transformer 5781, through resistance 5769, over
the lower contacts of relay 5763, over the upper
Mo. 2 contacts of ST relay 5743, through resistance
5718, and through the rotor winding of motor
5T{5 whereby potential of phase ¢2 is applied
across the rotor winding and the motor drives
shaft 5722 in such a direction that the trans-
mitting autosyn 5723 operates the right engine
oil pressure indicators 2334 and 2809 to show an
increasing oil pressure. When the indicated oil
pressure rises to 96 pounds, the instructor releases

"key 2242 thereby releasing relay 5763 to stop the

‘motor 5745, In a similar manner the clesure of
the contacts of key 2344 establishes a circuit over
conductor 4868 of cable 4608 to control the engine
0il pressure motor circuit for the left engine, Fig.
48, ts show an increasing oil pressure.  When
the inglicated oil pressure reaches 90 pounds, for
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example, the instructor releases key 234t where-
upon the motor of the left engine oil pressure
circuit stops.

The instructor may simulate an increase in the
fuel pressures to the engines by the operation of
the increase pressure keys 2345 and 234t% and a
decrease in the fuel pressure by the operaticn
of the decrease pressure keys 2347 and 2348.
When the decrease pressure key 2348 is operated,
a circuit is established from ground over its con-
tacts, over conductor 5113 of cable 5780 to battery
through the winding of DFP relay 5702 of the
right engine fuel pressure motor -circuit of Fig.
5%7. Relay 5102 upon operating closes at its lower
contacts a circuit extending through the lewer
secondary winding of power transformer 5701,
through resistance 5714, over the lower contacts
of relay 5702, over the inner upper contacts of
relay 5710, through resistance 5704 and through
the rofor winding of motor 5705, whereby poten-
tial of phase ¢2 is applied across the rotor wind-
ing of the motor. The motor turns the shaft
5708 in such a direction that the transmitting
autosyn 5724 operates the right engine fuel pres-
sure indicator 2333 at-the instructor’s desk and
indicator 2811 at the flight engineeer’s instrument
panel to show a decreasing fuel pressure. When
the indicated fuel pressure falls to 2 pounds, for
example, the key 2348 is released thereby releas-
ing relay 5702 to stop the motor 5705. In a simi-
lar manner the closure of the contacts of key
2347 establishes a circuit over conductor 4673 of
cable 4600 to control the fuel pressure circuit for
the left engine, Fig. 46, to cause the left engine
fuel pressure indicators 2333 and 2811 to show a
falling fuel pressure. When the indicated fuel
pressure has fallen to 2 pounds, key 2347 is re-
leased whereupon the motor of the left engine
fuel pressure circuit stops.

When fuel pressure increase key 2346 is op-
erated, a circuit is established from ground over
its contacts and over conductor 5171 of cable 5100
to battery through the winding of IFF relay
§761. Relay 5767 upon operating closes a circuit
extending through the upper secondary winding
of power transformer 570f, through resistance
5112, over the upper contacts of relay 5767,
through resistance 5704 and the rotor winding
of motor 5705 whereby potential of phase ¢l is
applied across the rotor winding and the motor
turns the shaft 5708 in such a direction that the
autosyn 5724 operates the right engine fuel pres-
sure indicators 2333 and 2811 to show an increas-
ing fuel pressure. When the indicated fuel pres-
sure rises to about 7 pounds, the key 2346 is re-
leased to release relay 5167 to stop motor 57135,
In a similar manner, the closure of the contacts
of key 2345 establishes a circuit over conductor
4671 of cable 4600 to control the fuel pressure
circuit for the left engine, Fig. 47, to cause the
left engine fuel pressure indicators 2333 and 2811
to show an increasing fuel pressure. When the
indicated fuel pressure rises to about 7 pounds,
key 2345 is released whereupon the motor of the
left engine fuel pressure circuit stops.

The instructor may simulate a decrease in the
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cylinder temperature of the auxiliary power -

plant by turning the rheostat 2314 in a counter-
clockwise direction until the indicator 2317 at the
instructor’s desk and the indicator 2838 on the
flight engineer’s instrument panel indicate, for
example, a cylinder temperature of 80° C. and
may simulate a decrease in the oil temperature
of the auxiliary power plant by turning the rheo-
stat 2301 in a counter-clockwise direction until
the indicator APPO at the instructor’s desk and
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the indicator 2812 on the flight engineer’s instru-
ment panel indicate, for example, an oil tempera-
ture of 20° C. These temperatures might result
from the simulation of a flight at a high altitude.
The flight engineer. observing the lower tem-
perature readings of the indicators should now
operate auxiliary power plant oil switch 3221 of
Fig. 32 to its “on” position, thereby simulating the
turning on of the auxiliary power plant oil heater
of an actual aircraft. When this switch is oper-
ated, a circuit is established from ground over its
contacts and conductor 3222 of cable 3200 and to
battery through lamp 2252 at the instructor’s
desk to inform the instructor that the heater has
been turned on. With the heater on the oil and
cylinder temperatures of the auxiliary power
plant should go up and this the instructor simu-
lates by the movement of the cylinder tempera-
ture rheostat 2314 in a clockwise direction until
the indicators 231T and 2838 indicate a cylinder
temperature of about 100° C. and by the auxiliary
power plant oil temperature rheostat 2301 in a
clockwise direction until the indicators APPO and
2812 indicate an oil temperature of about 25° C.
To simulate a change in oil pressure at the
auxiliary power plant, the instructor may oper-
ate the increase and decrease pressure keys 2349
and 2350. If the decrease pressure key 2350 is
operated, a circuit is established from ground
over its contacts, over conductor 2351 to battery
through DOP relay 3610 of Fig. 36. Relay 3610
upon operating connects potential of phase ol,
through resistance 3624, over the lower contacts
of relay 3610, over contacts 3615, through resist-

5 ance 3606 and the rotor circuit of motor 3605

whereupon the motor drives the shaft 3612 in
such a direction that the transmitting autosyn
3613 operates the auxiliary power plant oil pres-~
sure indicator 2357 at the instructor’'s desk and
the oil pressure indicator 28071 at the flight en-
gineer’s instrument panel to indicate a decreasing
oil pressure. When, for example, the pressure
has fallen to say 20 pounds, the instructor opens
key 2350, thereby releasing the DOP relay 3610
and stopping the motor 3605.

To simulate an increase in pressure, key 2349
is operated, thereby establishing a circuit from
ground over its contacts and conductor 2352 to
battery through the winding of IOP relay 3623,
Fig. 36. Relay 3623 upon operating connects
potential of phase ¢2 through resistance 3648,
over the lower contacts of relay 3623, the lower
No. 3 contacts of ST relay 3604, through resist-
ance 3606 and the rotor winding of motor 3605
whereupon the motor drives the shaft 3612 in
such a direction that the transmitting autosyn
3613 operates the auxiliary power plant oil pres-
sure indicators 2357 and 2807 to show an in-
creasing oil pressure. When, for example, the
pressure rises to say 60 pounds, the instructor
opens the key 2349 thereby releasing IOP relay
3623 to stop the motor 3605.

To simulate a change in the suction pressure
the instructor may operate the increase and de-
crease pressure keys 2530 and 2531. If the in-
crease pressure key 2530 is operated a circuit is
established from ground over its contacts, over
conductor 2532 to ground through the shaded
pole winding 3628 of the motor 3626 of the suc-
tion motor control circuit of Fig. 36. 'The motor
3626 thereupon turns the shaft 3633 in such a
direction that transmitting autosyn 3625 drives
the indicator 2525 at the instructor’s desk and
indicator 17127 at the pilot’s pedestal to indicate
an increasing pressure. If the decrease pressure
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key 2831 is operated a circuit is established from
ground over its contacts, over conductor 2533,
over limit switch contacts 3649 and to ground
through the right shaded pole winding 3582 cof
. motor 3625 whereupon the motor turns the aute-
syn 3625 in such a. direction as to cause the in-
dicators 2525 and {127 tc indicate a decreasing
suction.

The instructor may at any time cause any cir-
cuit breaker on the flight engineer’s panel or on
the pilot’s pedestal to be thrown out to simulate
a circuit trouble. Should the instructor operate
any one of the keys disclosed in Figs. 20 and 21
and hold such key in its operated position for
approximately six seconds, the corresponding cir-
cuit breaker will be thrown out. For example,
the operation of how turret key 2020, estahlishes
a circuit from battery over the contacts of such
key, over conductor 2438 of cable 3400 and
through the bow turret circuit breaker 3421 to
ground.. This ecircuit breaker is of the thermal
type and in response to the direct hattery con-
nected to conductor 3402 by the key 2023, the
thermal element becomes heated sufficiently after
about six seconds to trip the circuit breaker
whereupon the lamp 2280 hecomes extinguished,
indicating that the circuit breaker has opened.
If the instructor operates key 2013, a cireuit is
established from battery over the contacts of

such key and conductor 3460 cf cable 3408 to a 3

point between the winding of PLW relay 34Z2
and the circuit breaker 3418, whereupon after
about six seconds the circuit hreaker is tripped
thereby opening the circuit of PLW relay 3422
which upon releasing opens the circuit extending
from ground over its contacts and conductor
3429 of cable 3400 through lamp 20886 and bat-
tery. Lamp 2086 now becomes extinguished. If
the instructor operates the panel and flood iight
key 2014, a circuit is established from battery
over the contacts of such key, conductor 3432 of
cable 3400 to a point between the winding of P¥
relay 3436 and the circuit breaker 3434 where-
upon after about six seconds the circuit breaker
is tripped thereby opening the circuit of PF relay
3436 which releases, closing the circuit from
ground over its back contact and conductor 345¢
of cable 3400 to battery through the lamp 2015.
Lamp 2015 thereupon lights. When the flight

engineer restores the tripped circuit breakers ¥

3401 and 3416, the lamps 2000 and 2096 again
light and lamp 2845 hecomes extinguished when
the flight engineer restores the tripped circuit
breaker 3434.

If the instructor operates the left safety On &9

key 2016, the right safety On key 216 or any one
of the keys 2629 to 2624 inclusive, corresponding
circuit breakers on the pilot’s pedestal become
tripped after ahout six seconds.

bhattery over the contacts of such key, over con-
ductor 2018 to’ a point between the winding of
PL relay 1815 and the circuit breaker 1813 where-
upon the circuit breaker becomes tripped and
opens the circuit of relay (815 which releases.
Relay 1815 upon releasing establishes a circuit
from ground over its back contact and conductor
2049 to battery through lamp 20171 which lamp
lights. When the pilot restores the circuit

breaker {818 and PL relay 1815 operates the cir- ¢

cuit of Jamp 2017 is opened and the lamp becomes
extinguished.
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release key (832 or 1833. The operation of these
keys establishes a circuit from ground over con=
ductor 3387, over the lower contacts of relay 1800,
through key 1831 and through either key 1832 or
{833 and over either conductor 1851 or 1852 of
cable {880 and to battery through either the left
ot right torpedo release lamp 2625 or 2626 at the.
instructor’s desk.

To simulate the lighting of the navigation

; lamps the pilet may operate the switches 1834

to 1842 inclusive, switches 1834 and 1835 con-
trolling the section lights, switch 1836 controlling
the anchor light, switches 1837 and 1838 control-
iing the wing and tail running lights, switches
{639 and I846 controlling the formation lights
and switches {241 and 1842 controlling the left
and right landing lights. If, for example, the
section lights switch 1834 is operated to the “on”
position, and then the switch 1835 is operated to
its upper or bright positicn, a circuit is established
from ground on conductor 3387, over the lower
contacts of EL relay 1802, over the contacts of
switch 1834, over the upper contact of switch 1835
and conductor 1871 of cable 1870 to battery
through the section lights on bright lamp 2627 at
the instructor’s desk to indicate that the section
lights have been turned on bright. If the switeh
{835 is operated to its lower or dim position, a
cireuit is established as traced to such switch
and thence over conductor i872 of cable 1870 to
battery through the section lights on dim lamp
2628, Similar circuits are established over con-
ductors of cable 1870 for lamps 2629 to 2632 in-
clusive, to indicate to the instructor when the
running lights are turned on bright or dim, for
lamps 2633 and 2634 to indicate when the forma-
tion lights are on bright or dim, for lamps 2635
to 2638 to indicate when the landing lights are on
bright or dim and for lamp 2639 to indicate when
the anchor lights are on.

In shutting down an aircraft in cold weather,
it is the practice to dilute the engine oil with
kerosene or a light lubricant to enable easier
starting at a later time. To simulate this pro-
cedure, the flight engineer is provided with timing
switches 3223 and 3224 for the left and right en-
gines respectively, each of which switches when
closed times for four minutes or the time usually
measured for oil dilution. With OD relay 3225
operated by the previous closure of circuit breaker
3226 and after switches 3223 and 3224 become
closed four minutes following the initiation of
their operation, circuits are established from
ground on bus bar GB over the upper contacts of
relay 3225, over the contacts of switches 3223 ang
3224 to battevy through lamps 3227 and 3228 on
the flight engineer’s panel and over econductors

3229 and 3238 of cable 3200 to battery through

For example, the
operation of key 2018 establishes a circuit from &

To simulate the firing of torpedoes, the pilot

operates the firing key: 1831 to the “on’” position
and then operates either the left or right torpedo

oil dilution lamps 2253 and 2254 at the instructor’s
desk.

Simulation of landing
Preparing to land, it having been assumed that
a flight course at 1000 feet altitude was being
simulated, the pilot adjusts the propeller governor

" controls to their msximum R. P. M. positions in

which the sliders of rheostats 3012 and 3013 are
at the lower terminals of their windings, and
moves both throtties hack so that the sliders of
the throttle rheostats and variacs move towards
their lower or closed positions thereby reducing
the simulated speeds of the engines. As before
described, this will result in a reduction of the
indicated air speed which in turn will reduce the
rate of climb resulting in a descent at the rate
of 200 feet per minute which will be indicated by
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the rate of climb indicators. The altimeter motor
control circuit is also controlled by the rate of
climb potentiometer RCP1 whereby the altimeters
are operated to show a reduction in the altitude.

When the altitude of the simulated flight has
been reduced to 500 feet, the pilot operates the
wing flaps switch 1820 to its lower or down posi-
tion, whereupon in the manner previously de-
seribed the wing flaps motor control circuit of
Fig. 7 is controlled to rotate the shafts 760 and
163 into positions indicative of the movement of
the wing flaps to their down positions. When
the wing flaps have moved until the wing flaps
indicator 1525 indicates a 30-degree down posi-
tion of the fiaps, the switch 1820 is moved to its
“off” position and the motor of the wing flaps
motor control circuit then ceases to operate.
With the wing flaps potentiometer WFP8 moved
towards the No. 3 terminal of its winding, poten-
tial of phase ¢2 applied from the brush of indi-
cated air speed variac IASV2, over conductor 613,
through resistance 614, through the winding of
potentiometer WFP8, through resistance 638, over
conductor 639, over the No. 3 back contact of I
relay (244 and over conductor 1218 to ground, is
increased at the brush of potentiometer WFP8
and consequently the potential of phase ¢2 ap-
plied from such brush through resistance 615 to
control conductor 1216 of the indicated air speed
motor control circuit is increased and such motor
control circuit operates the shafts 1210 and 601
driven thereby in directions indicative of a fur-
ther decrease in air speed as indicated by the air
speed indicators.

When the altitude is nearly zero, the pilot pulls
bhack the yoke (4il thereby moving tha brush of
yoke potentiometer YP| towards the No. 3 ter-
minal of its winding and increasing the poten-
tial of phase ¢2 applied from the brush of such
potentiometer, through resistance 518 to the angle
of attack motor control circuit, resulting in the
rotation of shafts i!{{8 and 56{ controlled there-
by in directions indicative of an increase in the
angle of attack and a resulting decrease in the
indiceted air speed until! the indicated air speed
indicators show an air speed of 85 knots. The
rate of climb motor control circuit is alss con-
trollad by the angle of attack potentiometer AAPE
to rotate the shaits 1150 and 88! in directions in-
dicative of a reduction in the rate of descent.
Under the control of the rate of climb potenti-
ocmeter RCP{, the altimeter motor control cir-
cuit is controiled to rotate the shafts 1288 and §5¢
cperated thereby in directions indicative of a re-
duction in altitude, until when an altitude of
hetween 100 and 800 feet is reached the L{ limit
switch 1268 is operated to its alternate position
fellowed when zero altitude is reached oy the op-
eration of L3 limit switch 1263 to its alternate
position thereby closing the circuit of F relay
{214 which in turn closes the circuit of F{ re-
lay 552.

With relay 552 now operated, potential of phase
pl is applied from the 40¢1 bus bar through re-
sistance 527, over the lower contacts of relay 552
and through the right half of the winding of rate
of climh potentiometer RCP2 to ground and 2
potential derived at the brush of such potenti-
ometer is applied over the upper contacts of relay
852 and through resistance 528 to ground and
from the junction point hetween resistance 528
and the contacts of relay 552 through resistance
529 to control conductor 1162 of the rate of climh
motor control circuit to insure that the shafts
{180 and 55i driven thereby shall reach a posi-
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tion in which the brush of potentiometer RCF2
stands at the mid-point of the winding indicative
of a zero rate of climb.

The altimeters now read zero and the pilot
knows that a landing has been made. The air-
craft may now be assumed to be taxiing on the
water and as soon as the indicated air speed falls
below 30 knots the limit switch 1212 will close its
contacts thereby reoperating H relay €02 and Hi
relay 603. Relay 6€2 upon operating restores the
circuit for controlling the indicated air speed
motor control circuit to the condition which ex-
isted prior to take off and relay 683 introduces
resistance 628 into the circuit extending through
resistance 7130 to control conductor {311 of the
pitch har motor control circuit to desensitize this
motor control circuit which controls the elevation
and depressicn of the horizon bhars or the arti-
ficial horizon instruments. As the L{ limit switch
1228 operates when the brushes of the indicated
air speed potentiometers approach the No. 1 ter-
minals of their windings or zerg air speed, the
circuits of ASN and ASNI relays 404 and 403 are
closed over conductor 440 to ground over the al-
ternate contacts of Li limit switch 1228. These
relays operate to desensitize the motor contro!
circuits which simulate the turning movement
of the flight.

To stop the engines, the pilot may pull the main
ignition switch 3814 as previously described, hut
it is more customary if the aircraft is to bhe an-
chored fer some time for the flight engineer to
operate the mixture control switches to their
idling cut-off positions whereby the fuel feeds
to the engines are closed and the engines run
until all fuel in their carbureters is consumed.
This procedure reduces the fire hazard. To sim-
ulate this procedure the flight engineer operates
the mixture control switches 2925 and 2926 to
their lower positions. Upon leaving their upper
positions, switches 2925 and 2926 open the pre-
viously traced circuits over conductors 2853 and
2854 of cable 2850 through the rich mixture lamps
2298 and 2209 at the instructor’s desk. Upon
making their lower contacts, the switches estab-
lish circuits over conductors 2893 and 2894 of
cable 2890 to battery through the winding of ICO
relay 5654 of the right engine control circuit of
Fig. 56 and to battery through the winding of the
similar relay of the left engine control circuit of
Fig. 45. Relay 5654 upon operating establishes a
circuit from ground cver its inner lower contacts
and conductor 5691 of cable 5600 to hattery
through the right engine fuel cut-off lamp 2255 at
the instructor’s desk. The relay in Fig. 45 cor-
responding to relay 5634 cleses a similar circuit
over conductor 4591 of cable 45008 for lamp 2258.
The lighting of these lamps informs the instruc-
tor that the flight engineer has operated the mix-
ture control switches to their idling cut-off po-
sitions. .

At its lower transfer contacts, relay 5654 sub-
stitutes direct ground for resistance ground in
the circuit previously traced over conductor 5855,
over the upper front contact of LL relay 5710,
over conductor 5712 and through resistance 4898
to control conductor 4803 of the fuel flow motor
control circuit for the right engine, wherehy this
circuit under the control of its balancing potenti-
ometer RFFP! rotates shafts 3710 and 4801 con-
trolled thereby in directions indicative of the re-
duction of the fuel flow to zero wherehy the fuel
flow indicators on the instrument panels are op-
erated to reduce their fuel flow indications to
zero. At its upper contacts, relay 5654 establishes
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:aceireuit ;from ;ground . through -resistance 5687,
-over:such.contacts, over:the upper back contact
~of :PRM relay 5622, .over the upper MNo. 3 .front
wcontacts of EST I relay 5628, over conductor 8635,
-through - resistance 5188 to control 488 of the
‘R..P.. M. motor control circuit for the right en-
.gine, whereupon this motor control circuit oper-
-ates under the control of its. balancing potenti-
.ometer RRP10 to rotate the shafts 4818 and 5184
Ain.directions indicative of the. reduction -of .the
‘R. P. M. of the right engine to'zers, which reduc-
tion is indicated by the tachometers: on the:in-
- strument panels. ‘When the engine speed reaches
:zero. relay 4009 releases.and establishes g, circuit
~from. ground over .the. inner. upper contacts:of
ICO . relay 5654, over conductor 4018, over the
~upper.No. 3 contacts of relay 4089, conductor 4517,
s~through the winding of ICOI{ relay 5599 to bat-
tery. . Relay 5690 now . operates:and. locks. over
:itsiupper. contacts to.ground on conductor 4018
sand.at:-its lower contacts opens the locking cir-
<cuit.of ST relay 5638 -which now releases.in turn
rreleasing ESTI .relay §628, ESTA relay 56238 and
~EST relay 5616. With these relays released,.the
.right engine control. circuit of Fig. 56 and.all.of
zthe motor .control circuits. relating to the.right
engine restore to normal in the manner previ-
~ausly: described.

.Similarly, the relays of the left engine control
ccircuit of Fig. 45,. corresponding. to ICO relay
5694 .and ICOI relay 5890 of Fig. 56, cause the
rrestoration of the left engine control circuit and
of the motor control circuits relating to.the left

~engine,

The. flight engineer preparatory to.leaving the
-aircraft, operates the auxiliary generator switch
.3121,.the right engine generator switch 3139, the
-left engine generator switch 3151i, the cabin heat-

..er fuel valve switch 3501, the inverter switch 3201,
-the.auxiliary power plant fuel supply valve switch
3503, the main engine selector valve switches 3506
rand.3507-and the hull tank selector valve switch
+3916-to their “off” positions, thereby extinguish-
~ing the corresponding lamps controlled thereby as
:previously. described.

The flight engineer also restores the carbureter
-alr.switches 2914 and 2915 to their direct air po-
sitions, restores the mixture control switches 2918,

29117, 2925 and 2928 to their rich mixture posi-
-tions and restores the supercharger. speed control
»switches 2918 and 2919 .to their low speed .posi-

tions.

/The pilot ‘turns off all panel and.instrument
lights and the navigator turns off all panel and
instrument lights at his station and opens the
- drift sight control switches 2760 and 2753.

“The flight engineer then turns off all panel and
flood lights controllable from his panel and opens
.all of the circuit breakers thereby removing. all
.power. from the trainer.  All:apparatus .cf the
Arainer will now be restored to.its normal.condi-
tion.

“What is claimed-is:

1. In' an aircraft. simulator, a source of alfer-

~nating. current, a:plurality of means directly or
indirectly  responsive .to acts performed by.a
trainee in the simulation of the control of an air-
~plane in preparation for and in flight for deriving

:potentials from said source of current, a. plurality

of instruments for indicating a plurality of opera-
~fional.and flight conditions, & motor driven means
»for:controlling .each of said instruments,. circuit
-networks:associated respectively with. said motor
smeans:and responsive.to the integration of gif-
ferent-combinations.of said derived potentials.for
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controlling .the :operation -of  said.motor. driven

-means: whereby.said instruments. are operated to

indicate : the . instantaneous. effects :of - said acts,

‘and means: operated by- certain of said motor

means for.deriving, potentials from said source.to

produce integration .factors.in the circuit net-
-works associated.with others of said motor means.

2..In.an:aircraft.simulator, a source.of alter-

‘nating:current,: a plurality of stations for mem-
‘bers:.of an.aircraft crew under training, a plural-

ity .of means directly or.indirectly responsive to

.acts performed. by members.of said crew in the
simulation.of the control of.an.airplane in prep-

aration for and in flight for deriving potentials
from :said: source-of .current, a plurality of in-
struments - for indicating .a .plurality of opera-

.tienal :and .flight = conditions, - & motor . driven
-means.-for controlling each.of said instruments,
-eircuit-networks.associated respectively with said
~motor; means whereby :s2id instruments are.oper-
-ated.to indicate:the.instantaneous effects.of said
.acts,-and.means.operated by.certain of said mo-

tor- means for.deriving potentials from said source

-to produce .integration factors in the circuit net-
sworks.associated with: others of said motor means.

-3..In..an aircraft:simulating device, 'a source
of . current, -a. plurality . of .controls operable  to

-simulate . factors -affecting : the flight of an air-
.plane, means directly. or indirectly responsive to

said.controls .for deriving potentials from said

.souree.of current, a:plurality of. instruments. for
indicating. a plurality of flight conditions, a motor
driven.means for. controlling each of said instru-

ments and responsive. to. the. integration of differ-

-ent combinations .of said derived potentials for
.controlling .the .operation.of said. motor driven

means. whereby. said instruments are operatad to

_indicate .the instantaneous. effects of .the opera-
~tion of said controls,.and -means operated by cer-

tain.of .said. motor means.for deriving potentials

from:.said.source.to.produce. integration factors
in.the circuit: networks associated with others of

said motor.means.
~4. In.a .device for simulating the flight of an
airplane, a.source of. current, means for simulat-

Aing.the elevator control of. said airplane, means
‘ for.simulating.the thrust horse-power output of
the .power . plant .of . said airplane, means for
.Simulating .the indicated air speed of said air-

plane, means for simulating the shifting of the

longtudinal . center of .gravity of said airplane,

means for.simulating the effect. of the movement

-of .the. .wing flaps. of. said airplane, means re-

sponsive -to..said preceding means for deriving
potentials from . said source of .current, and
means. operative. in response to the summation

.of ~said  derived potentials to .a degree com-
mensurate with_the.angle of attack of the simu-

lated flight.
.5..In a. device for simulating the flight of an
airplane,.a source of current, a.control conduc-

tor,.a . yoke for. simulating the elevator control
.of said airplane,
_thereby for.deriving.a. potential from said source
* .commensurate with. the movement of said yoke

a _potentiometer operable

and.for-applying said potential to said conduc-

Jtor,.a potentiometer .operable.to derive a. poten-
tial .from. said latter potential in accordance
with the simulated .thrust. horse-power output

of -the power plant of:said airplane and for ap-

plying said potential .to.said conductor, a poten-
.tiometer operable to derive. a potential from said
.source commensurate with the thrust horse-
_power..output..of said .airplane, a potentiometer
' operable.to. . modify.said latter potential in ac-
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cordance with the indicated air speed of the
simulated flicht and to apply said potential to
said conductor, a rheostat operable to derive a
potential from said source commensurate with
the shifting of the longitudinal center of gravity
of said airplane and for applying said potential
to said conductor, a potentiometer operable to
derive a potential from said source commen-
surate with the simulated position of the wing
flaps of said airplane, and means- operable in
response to the summation of the potentials ap-
plied to said conductor to a degree commensu-
rate with the angle of attack of the simulated
flight.

6. In a device for simulating the flight of an
airplane, a source of current, a control con-
ductor, a yoke for simulating the elevator con-
trol of said airplane, a potentiometer operable
thereby for deriving a potential from said source
commensurate with the mcvement of said yoke
and for applying said potential to said conduc-
tor, a potentiometer operable to derive a poten-
tial from said latter potential in accordance with
the simulated thrust horse-power output of the
power plant of said airplane and for applying
said potential fo said conductor, a potentiome-
ter operable to derive a potential from said
source commensurate with the thrust horse-
power output of said airplane, a potentiometer
operable to modify said latter potential in ac-
cordance with the indicated air speed of the sim-
ulated fight and to apply said potential to said
conductor, a potentiometer operable to derive a
potential from said source commensurate with
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the simulated position of the wing flaps of said : -

airplane, an instructor’s desk, a rheostat thereat
the slider of which is adjustable to derive a po-
tential from said source commensurate with the
assumed position of the longitudinal center of

gravity of said airplane, said potential being ap- -

plied to said conductor, a balancing potentiome-
ter for applying a potential derived from said
source to said conductor, a motor for adjusting
said latter potentiometer until the sum of the
potentials applied to sald conductor becomes
zero, and other potentiometers for controlling
other motor control circuit networks of said de-
vice adjustable by said motor to positions in-
dicative of the angle of attack of the simulated
flight.

7. In a device for simulating the flight of an
airplane, a source of current, a control conduc-
tor, a yoke for simulating the elevator control
of said airplane, a potentiometer operable there-
by for deriving a potential from said source com-
mensurate with the -movement of said yoke and
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for applying said potential to said conductor,

a potentiometer operable to derive a potential
from said latter potential in accordance with
the simulated thrust horse-power output of the
power plant of said airplane and for applying
said potential to said conductor, a potentiome-
ter operable to derive a potential from said
source commensurate with the thrust horse-
power output of said airplane, a potentiometer
operable to modify said latter potential in ac-
cordance with the indicated air speed of the
simulated flight and to apply said potential to
said conductor, a potentiometer operable to de-
rive a potential from said source commensurate
with the simulated position of the wing flaps of
said airplane and to apply said potential to said
conductor, an instructor’'s desk, a rheostat
thereat the slider of which is adjustable fo de-
rive g potential from said source commensurate
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with the assumed position of the longitudinal
center of gravity of said airplane, a first bal-
ancing potentiometer for modifying said latter
potential and for applying it to said control
conductor, a second balancing potentiometer for
applying a potential derived from said source to
said conductor, a motor for adjusting said bal-
ancing potentiometer until the sum of the po-
tentials applied to said conductor becomes zero,
and other potentiometers for controlling other
motor control circuit networks adjustable by
said motor to positions indicative of the angle
of attack of the simulated flight.

8. In a device for simulating the flight of an
airplane having a pilot’s station, a reversible
alternating current motor, a wing flaps control
switch at the said pilot's station of the device for
controlling the rotation of said motor in one
direction simulating an upward movement of the
wing flaps of an airplane and for controlling
the rotation of said motor in the other direction
for simulating a downward movement of the
wing flaps, an instructor’s desk, indicators at
said instructor’s desk and at the pilot’s station
in said device, means operable by said motor
for operating said indicators for indicating the
extent of simulated wing flaps movement in
either the upward or downward direction, and
potentiometers for introducing integration fac-
tors into other motor control circuit networks
of said device and adjustable by said motor to
positions indicative of the assumed positions of
the wing flaps.

9. In a device for simulating the flight of an
airplane, a source of current, means for simu-
lating the indicated air speed of an airplane,
means for simulating the positions of the wing
flaps of said airplane, means for simulating the
angle of attack of said airplane, means for simu-
lating the weight of said airplane, means for
simulating the banking of said airplane, means
responsive to said preceding means for deriving
potentials from said source of current, and means
operative in response to the summation of said
derived potentials to a degree commensurate with
the rate of climb of the simulated flight.

10. In a device for simulating the flight of an
airplane, a source of current, a control conductor,
two tandem connected autotransformers for de-

5 riving a potential from said source which varies

in accordance with the square of the indicated
air speed of the simulated flight, potentiometers
for modifying said derived potential in accord-
ance with the assumed positions of the wing flaps
of the simulated airplane, a potentiometer for
further modifying said derived potential in ac-
cordance with the angle of attack of the simu-
lated flight and for applying said modified poten-
tial to said control conductor, a potentiometer for
deriving a potential from said source commensu-
rate with the assumed weight of said airplane
and for applying it to said control conductor, &
motor operable in response to the summation of
the potentials applied to said conductor to a
degree commensurate with the rate of climb of
the simulated flight, an instructor’s desk, and
indicators at the instructer’s desk and at
the pilot’s station in said device operable by said
motor to indicate the rate of climb of the simu-
lated flight.

11. In a device for simulating the flight of an
airplane, a source of current, a control conductor,
two tandem connected autotransformers for de-
riving a potential from said source which varies
in accordance with ‘the square of the indicated
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“air:gpeed ‘of"the simulated: flight,  potentiometers
“for:modifying said. ‘derived ‘potential in raccord-
wgnee:with the assumed:positions of the wing flaps
+of "the simulated “airplane, a potentiometer: for
“further modifying-said derived potential:in -ac-
~cordance-with the angle of attack of the: simu-
Jatedfight, - a~potentiometer: for - still"further
"modifying-said potential in:accordance with ‘the
~cosine .of the angle of -bank - of “the "simulated
“flighit,“said ' finally modified potential being ‘ap-
‘pHed to said controel conductor, a potentiometer
“for-deriving=a potential from-said source-com-
“mensurate with-the assumed weight of-said-air-
“plane and for- applying it to said control con-
“ductor, a’motor operable in’ response to-the stum-
~mation of 'the potentials-applied to said ‘con-
"ductor'to a“degree commensurate with the rate
“of ‘clilib of the simulated flight, an instructor’s
“desk,; and indicators at-said instructor’s desk and

g4t the” pilot’s- station in-said’ device “operable by ~

“said 'motor to indicate the rate of climb of the
“simulated flight.

“12, 'In"a ‘device for simulating the flight of-an
‘airplane, a source of current, a control conductor,
“two tandem connected gutotransformers for de-
“riving a potential from said source-which varies
in aceordance’ with the square of the indicated
“dir speed of the simulated flight, potentiometers
‘for modifying said derived potential in*accord-
“ance ‘with “the assumed positions of the wing
“flaps of the simulated airplane, a potentiometer
“for further modifying - said derived potential in
accordance with the angle of attack of the simu-
“ldted “flight, a  potentiometer - for “still further
“modifying said potential in deccordance with the
cosine “of the angle of bank of the simulated
flight, said finally ‘modified potential being ap-
plied to said control conductor, a potentiometer
for derivinig  a” potential from-said source com-
mensurate with the assumed weight of said air-
“plane .and for applying it to said control con-
‘ductor, a motor operable in response to the sum-
mation of the potentials applied to said-conductor
“to a.degree commensurate with the rate of climb
‘of the simulated flight, an instructor’s desk, in-
dicators at said instructor’s desk andat the pilot’s
station in said device operable by said motor to
“indicate the rate of climb of. the simulated flight,
and a. potentiometer operable by said motor for
supplying -an integration factor for the deter-

.. mination of the indicated air speed of the simu-
“lated flight.

.13. In a device for simulating the flight of an
airplane,.an instructor’s desk, a source of current,
.a control conductor,. potentiometers for deriving
& potential from said source commensurate with
the. lift factors of ‘the simulated flight and for
applying said potential to said conductor, means
for-applying a.potential to said conductor com-
mensurate with the down force factors of the
simulated flight, said means comprising " po-
tentiometer the brush 6f which is connected to
said  conductor "and is" adjustable with respeet
to the winding in accordance with the assumed
weight of said airplane, and. a rheostat atsaid

instructor’s ‘desk for varying the-value "of “ciir-
rent applied from said source through the wind-
.ing.of said latter potentiometer to simulate a
change. in Jift and weight due to assumed ic¢ing
-conditions, a motor operable in response tothe
summadtion of the potentials applied to said con-
‘ductor .to.a degree commensurate with' the rate
_of.climb of the simulated flight, indicators at
_the instructor’s desk and. at- the. pilot’ station in
" said ‘device operable by said motor to indicate
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“the rate ofclimb 6f the simulated:fight, :and:a

potentiometer operable by said 'motor for supply-
ing an integration: factor for:the determination
of the indicated air speed of the simulated:flight.

i4, In'a device. for simulating. the flight of -an

‘airplane; a source of current, a:control.conductor,

potentiometers for deriving.a:potential from'said

“source commensurate with the lift factors of the
~simulated flight ‘and for applying said”potential
107
‘potential” from 'saidsource “commensurate with

to said conductor, potentiorneters for deriving:a

the down force factors: of-the simulated flight

-and for applying it to-said: control.conductor;:a

motor “responsive to ‘the:sunimation of :the po-

‘tentials applied “to "said conductor, apparatus

operable by said-motor to a degree indicative:of
the rate of ¢limb-ofthesimulated flight, a po-
tentiometer -operable by said motor. for deriving

-3 potential from -said source, means for simu~
“lating the attainment of altitude of the simu-
“lated flight, and means operable in response.to
* said latter means only wheti the:altitude at which

the simulated flight is being flown has returned
to zero for applying said latter derived potential

1o ‘said conductor:to insure the operation of said

motor to return the:apparaius-operated thereby
to the normal position indicative of a zero:rate
of ~climb.

15. Inn-a deviee for ‘simulating ‘the fiight ¢f:an
airplane, a source of current, a control conductor,
potentiometers for deriving a potential from-said
source commensurate with the lift factors of the
simulated flight and for applying’said: potential
to said conductor, one of 'said potentiometers be-
ing cperable in-simulation 6f the angle of attack
of the simulated flight,; potentiometers for deriv-
ing a potential from-said source commensurate

“with the down ' force factors of ‘the simulated

‘flisht -and’ for “applying it ‘to-said. contrel con-~
ductor, a motor-responsive to ‘the summation of
the potentials applied “to-said conductor, -appa-
ratus operable by said motor: to a degree indica-

“tive of the'rate of climb of:the-simulated flight,

and means for discontinuing the applicationof

‘said 1ift ‘potential to-said conductor when the

simulated angle of attack becomes increased to a
‘degree indicative “of ‘a ‘stall “condition whereby

-gaid ‘down force potential becomes effective to
‘cause said motor to-operate said apparatus’ to

‘positions indicative of'a negative rate of -¢limb.

16."In"a device for simulating 'the flight of:an
airplane, a source of current; a-control conductor,
a potentiometer for deriving a potential :from
said source commensurate with the rateof ¢limb
of the simulated flisht and “for ‘applying:said
potential to said conductor, a potentiometer: for

‘deriving a potential from- said source conimen-

surate with the angle of ‘attack of the simulated
flight and for applying said latter potential:to
said ‘conductor, "a balancing potentiometer for
deriving a potential from said-source and:apply-
ing it to-said conductor, a motor for adjusting
said latter potentiometer until the sum of“the
potentials applied “to ‘said ~conduetor - becomes
zero, an instructor’s desk, artificial horizon 'in-
struments “at ‘said ‘instructor’s desk and.at-the
pilot’s station in<~said device, -and ‘means con-
trolled by said motor for-elevating or ‘depressing

" the artificial horizon bars of said instruments to

indicate “the nosing down, nesing up =orlevel

‘condition-of the simulated flight.

“17. . In a device for simulating the flight of an

airplane, a source of current, a‘control conduc-

tor, a poteritiometer for deriving a potential from
said-source’commensurate with the rate of climb
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of the simulated flisht and for applying said po-
tential to said conductor, a potentiometer for
deriving a potential from said source commen-
surate with the angle of attack of the simulated
flicht and for applying said latter potential to
said conductor, a balancing potentiometer for
deriving a potential from said source and for
applying it to said conductor, a motor for ad-
justing said latter potentiometer until the sum
of the potentials applied to said conductor be-
comes zero, means operative commensurate with
the indicated air spread of a simulated flight,
means operable when the indicated air speed of
the simulated dight decreases below a particular
value for decreasing the effect of the potential
derived as a result of a change in the simulated
angle of attack, means operative when the indi-
cated air speed becomes zero for removing the
effect of the potential derived as a result of the
change in the angle of attack, an instructor’s
desk, -artificial horizon instruments at said in-
structor’s desk and at the pilot’s station in said
device, and means controlled by said motor for
elevating or depressing the artificial horizon bars
of said instruments to indicate the nosing down,
nosing up or level condition of the simulated
fiight.

18. In a device for simulating the flight of an
airplane, a source of current, a yoke for simu-
lating the elevator control of said airplane, a
control conductor, a potentiometer for deriving
a potential from said source commensurate with
the thrust horsepower output of the power plant

of said airplane, a potentiometer for modifying

said potential in accordance with the assumed
weight of said airplane, a potentiometer for fur-
ther modifying said potential in accordance with
the movement of said yoke, means for applying
said modified potential to said conductor, means
for deriving a potential from said source which
varies in accordance with the indicated air
speed of the simulated flight and for applying
said potential to said conductor, a motor for ad-
justing said latter means until the sum of the

potentials applied to said conducior hecomes

zero, an instructor’s desk, indicators at said in-
structor’s desk and at crew stations in said de-
vice controlled by said motor for indicating the
air speed of the.simulated flicht, and means

operable by said motor for introducing integra- 5

tion factors into other motor control circuit net-
works of the device indicative of the indicated
air speed.

19. In a device for simulating the fiight of an

airplane, a source of current, a yoke for simulat- ¢

ing the elevator contrcl of an airplane, a control
conductor, a potentiometer for deriving a poten-
tial from said source commensurate with the
thrust horsepower output from the power plant
of said airplane, a potentiometer for modifying
said potential in accordance with the assumed
weight of said airplane, a potentiometer for fur-
ther modifying said potential in accordance with
the movement of said yoke, means for simulat-
ing the attainment of altitude in a simulated
flight, means for applying said modified poten-
tial to said conductor, means contrclled by said
altitude simulating means for discontinuing the
application of said potential when the simulatcd
altitude is representative of an air-korne condi-
tion, means for altering the modifying effect of
said yoke control potentiometer after the simu-
lated flight exceeds a specified air speed value,
means for deriving a potential from said source
which varles in accordance with the indicated
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air speed of the simulated flight and for apply-
ing said potential to said conductor, a motor for
adjusting said latter means until the sum of the
potentials applied to said conductor becomes
zero, an instructor’s desk, indicators at said in-
structor’s desk and at crew stations in said de-
vice controlled by said motor for indicating the
air speed of the simulated flight, and means op-
erable by said motor for introducing integration
factors into other motor control circuit networks
of the device indicative of the indicated air speed.

20, In a device for simulating the flight of an
airplane, a source of current, a yoke for simulat-
ing the elevator control of an airplane, a con-
trol conductor, means for applying a first control
potential to said conductor derived from said
source by a first potentiometer in accordance
with the thrust horse-power output of the power
plant of said airplane, modified by a second po-
tentiometer in accordance with the assumed
weight of said airplane, and further modified by
a third potentiometer in accordance with the
movement of said yoke, means for applying a sec-
ond control potential to said conductor derived
by said first potentiometer and modified by a
fourth potentiometer in accordance with the true
air speed of the simulated flight, means for ap-
plying a third potential to said conductor de-
rived from said source by means adjusted in ac-
cordance with the indicated air speed of the sim-
ulated flight and modified by potentiometer
means in accordance with the angle of attack of
the simulated flight, means for applying a fourth
potential to said conductor derived from said
source by said means adjusted in accordance
with the indicated air speed and modified by a
potentiometer in accordance with the assumed
positions of the wing flaps of the simulated air-
plane, means for simulating the attainment of
altitude in a simulated flight, means controlled
by said altitude simulating means when the sim-
ulated altitude is representative of an air-borne
flight for rendering said first potential connect-
ing means ineffective and for then rendering the
other potential connecting means effective, a
motor for adjusting said indicated air speed po-
tential deriving means until the sum of the po-
tentials applied to said conductor becomes zero,
an instructor’s dask, indicators at said instruc-
tor’s desk and at crew stations in said device con-
trolled by said motor for indicating the air speed
of the simulated flight, and means operable by
said motor for introducing integration factors
into other motor control circuit networks of the
device indicative of the indicated air speed.

21. In a device for simulating the flight of an
airplane, a source of current, a control conduc-
tor, means for applying a first control potential
to said conductor derived from said source by a
first potentiometer in accordance with the thrust
horsepower output of the power plant of said air-
plane and modified by a second potentiometer in
accordance with the true air speed of the simu-
lated flight, means for applying a second poten-
tial to said conductor derived from said source
by means adjustable in accordance with the in-
dicated air speed of the simulated flight and
modified by potentiometer means in accordance
with the angle of attack of the simulated flight,
means for applying a third potential to said con-
ductor derived from said source by said means
adjusted in accordance with the indicated air
speed and modified by a potentiometer in accord-
ance with the assumed positions of the wing flaps
of the simulated airplane, means for applying a
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fourth: potential to. said. conductor derived. from:

said source. in accordance with. the rate of climb
of the simulated: flight; modified by a potentiom~
eter: in accordance with the true air speed of the
simulated flight, and further modified by a po-
tentiometer in. accordance: with the assumed
weight. of the airplane; a. motor for. adjusting said
indicated air speed potential deriving: means: until
the sum of the potentials applied to said conduc-
tor, becomes: zero, an instructor’s desk, indicators
at said instruector’s desk and at crew stations in
said device controlled. by said motor for indicat-
ing the: air speed of the simulated. flight, and
means operable: by said motor for introducing
integration: factors. into- other motor: control. cir-
cuit networks of the device indicative: of the in-
dicated air-speed.

22. In a device in accordance with. elaim 21, in
which: means: is provided which is: operable: when
the angle of attack of the simulated flight reaches
a:stall value for rendering: the potential derived
in..accordance with: the rate: of climb,. the true
air-speed. and the assumed airplane weight. in-
effective: whereby the motor is - operated to-cause

the:air speed indicators to show-a: decrease in the ¢

indicated. air speed and: a: decrease: in. the inte-
gration factors:

23. In-a. device for simulating the flight of an
airplane, a. source of current, means for simu-
lating: the. operation: of the engines: of an. air~
plane; a- control conductor; means effective: when
the engines are assumed to he delivering power
for: applying a potential of one phase:from said
source:to: said. conductor-which: varies in accord-
ance with the thrust horse-power-output of the
engines: and in accordance: with: the- true- air
speed: of: the:simulated- flight, means-effective.for
deriving a potential from:said source of opposite
phase and applying it to said’control conductor,
a.motor for adjusting said:latter means until the

sum of the potentials applied to-said' conductor:

becomes zero; an instructor’'s desk, indicators at
said instructor’s.desk and at crew stations in said
device- controlled by said: motor for indicating

the air speed of the simulated fight, means op~ «

erable- by said motor for introducing integration
factors into other motor control circuit networks
of the .device; and means-operative upon the fail-
ure: of- one: or- all of  the: simulated: engines: to
deliver-power to:reduce: the:potential. of said:first

phase, whereupon said motor is operated to:cause-

a-reduction of the air speed. indications: and: a
reduction in:the values of said integration fac=
tors.

24. In a device: for-simulating the flight.of an :

airplane; a: source:of current, means for simu-
lating- the operation of the.engines of an: airs
plane, a.control-conductor; means:effective-when
the:engines: are:assumed: to-be. delivering- power
for: applying a: potential of one phase: from:said
source:to-said-conductor -which varies:in:accord=
ance:with-the-thrust horse-power output:of the
engines. and- in- accordance with the true- air
speed-of the-simulated flisht, means effective for
deriving a potential. from said source of. oppo-
site. phase and applying:-it to said conductor; &
motor for adjusting said latter means until: the
sum: of: the: potentials applied: to-said conductor
become-zero, an:instructor’s:desk;. indicators:-at
said. instructor’s: desk and ‘at crew: stations:in
said device: controlled: by-said motor: for-indicat~
ing:the-air: speed.of the-simulated flight, means
operable by said motfor:forintrodueing integration
factors: into-other motor control:circuit networks

of:said device; means:operative:upon:the failure 7
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of one:of the simulated engines to deliver power
to-reduce: the potential of said first phase where~
upon. said motor is operated to cause a reduc-
tion of the air speed. indications and. a reduction
in the values of said integration factors indica-
tive: of the loss of power incident to the wind-
milling operation of the engine which has failed
to- deliver power, means for simulating the feath-
ering of the blades of the propeller driven. by any
engine, and means. operative upon the simulated
feathering of the blades of the propeller driven
by the-engine which is assumed.to have failed.for
again increasing. the potential of said first phase
whereupon. said motor is operated to cause an
increase of the air speed indications and. an in-
crease- in: the values-of. said integration. factors
indicative of the increase  of power incident to
the arrest of the wind-milling: action of  such
engine:

25. In a- device.for simulating the flight of an
airplane; a source-of current, a control conduc=
tor; a-potentiometer for deriving a potential from
said source which varies in accordance with the
indicated. air speed. of the simulated flight and
for applying. said potential to said. conductor,: a
potentiometer for deriving a. potential from said
source- which varies:in accordance with the. alti-
tude at which the:simulated flight is being con-
ducted,. a: potentiometer for modifying. said lat-
ter: potential. in. accordance- with- the. true air
speed. of the simulated flisht and. for applying
said latter potential to said- conducter, a motor
responsive-to-the: potential on: said-conductor for
adjusting said:latter potentiometer until the sum:
of the. potentials: applied to said conductor. be-
comes zero, and means controlled: by said motor
for introducing.integration.factors into other mo-
tor control circuit. networks of the device indica~
tive of the true air.speed.

26.. In a device for simulating: the flight ¢f an
airplane; rudder pedals for simulating the rud-
der: control. of an airplane; a:source:of current;
a.. control: conductor, a. potentiometer operative
in'response to:the operation of the rudder pedals
to. apply a.potential to said conductor commensu~
rate with: the simulated movement of the rudder
of. an: airplane; a balancing potentiometer for
deriving. a: potential from- said source and for
applying: it to said conductor, a motor respon-
sive to the: potential on said. conductor for ad-
justing said latter potentiometer until the sum
of the- potentials applied. to-said conductor he-
comes- zero, an. instructor’s: desk, indicators. at
said.instructor’s desk:-and.at crew stations in the
device- controlled: by said motor for indicating
the rate of turn. of the simulated flight, and
means. operated. by said. motor for introducing
integration factors into other: motor control-cir-
cuit: networksof  the:device-indicative of the rate
of turn: :

27. In a device: for simulating the flight of an
airplane;. rudder. pedals: for simulating the rud--
der-control of an airplane, a source-of current, a
control conductor, means for deriving a potential
from said source. commensurate with the indi-
cated- air speed of a. simulated flight, a potenti~
ometer operative -in. response-to the operation-of
the rudder. pedals to. modify said derived. poten~
tial and to apply it to said conductor, a' balanc-
ing potentiometer for deriving a potential from
said source and for. applying it to. said conduc-
tor;. a motor:responsive-to. the potential on said
conductor: for adjusting said latter potentiom-
eter until: the ‘sum of. the: potentials applied. to
said conductor:becomes zero; an instructor’s:desk,
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indicators at said desk and at crew stations in
sald device controlled by said motor for indicat-
ing the rate of turn of the simulated flight, and
means operated by said motor for introducing
integration factors into other motor control cir-
cuit networks of the device indicative of the rate
of turn.

28. In a device for simulating the flight of an
airplane, a source of current, a control conductor,
means for simulating the operation of the two en-
gines of an airplane, a potentiometer for deriving
a potential of one phase from said source com-
mensurate with the brake horse-power output of
the engine on one side of the airplane and for ap-
plying said potential to said conductor, a poten-
tiometer for deriving a potential of the opposite
phase from said source commensurate with the
brake horse-power output of the engine on the
other side of said airplane, said potentials balanc-
ing each other when said engines are both de-
livering the same horse-power, a balancing po-
tentiometer for deriving a potential of either
phase from said source and for applying it to said
conductor, a motor responsive to any unbalanced
potential condition on said conductor for adjust-
ing said balancing potentiometer until the sum of
the potentials applied to said conductor becomes
zero, an instructor’s desk, indicators at said desk
and at crew stations in said device controlled by
said motor for indicating the rate of turn of the
simulated flisht due to any unbalanced power
output of the engines, and means operated by
said motor for introducing integration factors
into other motor control circuit networks in the
device indicative of the unbalanced power out-
puts of the engines.

29. In a device for simulating the flight of an
airplane, a source of current, a control conductor,
means for simulating the operation of the two
engines of an airplane, a potentiometer for deriv-
ing a potential of one phase from said source
commensurate with the true air speed of the
simulated flight, a potentiometer for modifying
said potential in accordance with the brake
horse-power output of the engine on one side of
the airplane and for applying it to said conduc-
tor, a potentiometer for deriving a potential of
the opposite phase from said source commensu-
rate with the true air speed of the simulated
flisht, a potentiometer for modifying said lat-
ter potential in accordance with the brake horse-
power output of the engine on the other side of
the airplane, said modified potentials balancing
each other when said engines are both delivering
the same horse-power, a balancing potentiometer
for deriving a potential of either phase from said
source and for applying it to said conductor, a
motor responsive to any unbalanced potential
condition on said conductor for adjusting said
balancing potentiometer until the sum of the po-
tentials applied to said conductor becomes zero,
an instructor’s desk, indicators at said desk and
at crew stations in said device controlled by said
motor for indicating the rate of turn of the simu-
lated flight due to any unbalanced power output
of the engines, and means operated by said motor
for introducing integration factors into other mo-
tor control circuit networks in the device indica-
tive of the unbalanced power outputs of the en-
gines.

30. In a device for simulating the flight of an
airplane, a source of current, a control conduc-
tor, means for simulating rough air flight condi-
tions and for deriving a potential of either one
or the opposite phase from said source and for
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applying said potential to said control conductor,
a balancing potentiometer for deriving a po-
tential of either phase from said source of cur-
rent and for applying it to said conductor, a mo-
tor responsive to an unbalanced potential condi-
tion on said conductor for adjusting said balanc-
ing potentiometer until the sum of the potentials
applied to said conductor become zero, an in-
structor’s desk, indicators at said instructor’s
desk and at crew stations in said device controlled
by said motor for indicating the changes in the
rate of turn incident to rough air conditions and
means operated by said motor for introducing
integration factors into other motor control cir-
cuits of the device indicative of the effect of
rough air conditions.

31. In a device for simulating the flight of an
airplane, rudder pedals for simulating the rudder
control of an airplane, a source of current, a con-
trol conductor, a potentiometer operative in re-
sponse to the operation of said rudder pedals for
applying a potential of one or the opposite phase
from said source to said conductor commensurate
with the rate of turn of the simulated flight, an
aileron wheel for simulating the aileron control
of an airplane, a potentiometer responsive to the
operation of said aileron wheel for deriving a
potential of one phase from said source if said
wheel is so operated as to simulate a side slipping
turn of an airplane or for deriving a potential of
the opposite phase from said source if said wheel
is so operated as to simulate a skidding turn of an
airplane and for applying the derived potential to
said conductor, a balancing potentiometer for
deriving a potential of either phase from said
source .and for applying it to said conductor, a
motor responsive {o an unbalanced potential con-
dition on said conductor for adjusting said latter
potentiometer until the sum of the potentials ap-
plied to said conductor becomes zero, an instruc-
tor’s desk, indicators at said instructor’s desk and
at crew stations in said device controlled by said
motor for indicating changes in the rate of turn,
and means operated by said motor for introduc-
ing integration factors into other motor control
circuit networks of the device indicative of the
rate of turn.

32. In a device for simulating the flicht of an
airplane, a source of current, a control conductor,
a potentiometer for deriving a potential from said
source commensurate with the rate of turn of the
simulated flight and for applying said potential
to said conductor, a first motor responsive to the
potential applied to said conductor for integrat-

5 ing the rate of turn with respect to time, a sec-

ond motor operable at a uniform speed, a differ-
ential gear box the input shafts of which are
driven by sald first and second motors respective-
ly whereby the output shaft is driven at a speed
equal to the differential sum of the speeds of the
input shafts, an instructor’s desk and indicators
simulating directional gyro compasses at said in-
structor’s desk and at crew stations in said device
operable in response to the operation of the out-
put shaft of said gear box to indicate the direc-
tional gyro compass heading of the simulated
flight.

33. In a device for simulating the flight of an
airplane, a source of current, a control conductor,
a potentiometer for deriving a potential from said
source commensurate with the rate of turn of the
simulated flight and for applying said potential
to said conductor, a first motor responsive to the
potential applied to said conductor for integrat-
ing the rate of turn with respect to time, a second
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muotor operablé at g uniform-speed: a: differential’

gear:-box:tHe-ihput: shafts of'which:are driven by
said: first -and said “second’ motors:respectivels

whereby- the: output shaft is driven-at a spesd:
equal to the-differential sum-of the speeds:of-the
input shafts; an-instrueter’s desk, indicators sim=:

2,584,281

ulating: magnetic-compasses at said instructor’s:
desk-and‘at-crew stations-of said device operablé: .
in response to the operation of said first motor

to indicate the*magnetic-compass Heading of the
simulated flight; and:indicators-simulating direc-

tional gyro compasses at said: instructor’s: desk-
and at crew stations of said device operable in ré-.

sponse to the.operation of the output shaft of
said gear-hox to indicate thie directional gyro com=
pass-heading:of the simulated fliglit.

34. In a dévice for smulating the flight of an

airplane, a:source of current; a:control conductor;
arpotentiometer for-deriving a‘potential from:said
source:commensurate with-the rate of turn of'the

simulated: flight, 3 potentiometér-for modifying
said- potential in -accordance-with the true-air
speed -of ‘the simulated- flight and for-applying
said:potential to said-conductor; a potentiometer
for-deriving-a-:potential  from: said source-com-
mensurate-with the angle of’bank of the simu-
lated flight-and for applying said potentialito said

conductor, the sum of said potentials being zero

when a:turn-is-simulated with thie correct angle

of ‘bank; a balancing potentiometer for deriving a"

potential fiom said source-and for applying it to
said-conductor, a-motor responsive to any unbal-
anced potential-applied to-said conductor:result-
ing from-the execution:-cf a:turn-with a lesser or

greater angle of bank-than is'required to prevent 353

a:side:slip-or-a-skid for-adjusting-said latter po-
tentiometer: until the: sum of"the potentials-ap-

plied to said:conductor becomes-zero, an-instruc-

tor's desk; indicators-at said instructor’s-desk and
at*‘ciewx stations-in-said-device controlled by said
motor-Tor simulating ball-indicators operable-by

said motor torindicate:any-failure-to simulate a.

properly banked turn, and means operated by
said, motor to indicate any failure to simulats &
properly banked-turn; and means operated by said
motor for introducing integration factors into
other motor control circuit networks of the device.

35. In a device for simulating the flight of an

airplane, a source of current, a control conduec-

tor, a potentiometer for deriving a potential of
one or the opposite phase from said source com-
mensurate with the rate of turn cf the simulated
flight, a potentiometer for modifying said poten-
tial in accordance with the true air speed of the
simulated flight and for applying said potential
to said conductor, a potentiometer for deriving a
potential of one or the opposite phase from said
source commensurate with the angle of bank of
the simulated flight and for applying said poten-~
tial to said conductor, the sum of said potentials
being zero when g turn is simulated with the cor-
rect angle of bank, a balancing potentiometer for
deriving a potential from said source of one or the
opposite phase and for applying it to said con-
ductor, a motor responsive to any unbalanced po-
tential applied to said conductor resulting from
the execution of g turn with a lesser or greater
degree of bank than is required to prevent s side
slip or a skid for adjusting said latter potentiom-
eter until the sum of the potentials applied to
said coenductor becomes zero, an instructor’s desk,
indicators at said instructor’s desk and at crew
stations in said device controlled by said motor
for simulating ball indicators operable by said

motor to indicate any failure to simulate a prop- 7
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erly=banked” turn; and ‘means: operated: by said:

motor for introducing integration factors..into:

other-motor control.circuit networks of thedevice.
38. In a.device:for simulating:the flight of ‘an:

- girplane,a source of current; a control conductor;

rudder: pedals-for simulating: the rudder:controli
of ‘an:airplane; an aileron wheel for simulating:
theraileron control of an airplane, means for-de=-
riving:a potential from said source commensurate:
with- the: indicated air speed of the simulated:
flight, a potentiometer:responsive to the:opera=-
tion-of said rudder-pedals for modifying said de=
rived potential and for applying: it to:said’ con-

ductor, a potentiometer responsive to: the opera-~

- tionrof said aileron wheel for modifying said de=.

rived ‘potential and for applying it to said con=
ductor, a-potentiometer for deriving-a-potential:
from said source commensurate with the rate:of:
turn of ‘the simulated flight, a :potentiometer:for:

s modifying said latter potentialin accordance-with"

the true air speed of the simulated flight and for-
applying:said modified potential to said: conduc~

tor; a-balancing potentiometer for deriving a:po--
tential firom said source and for applying: said

potential to said conductor; a motor responsive:
te an unhalanced potential condition' on" said
conductor for  adjusting said balancing- poten-

tiometer until the sum of the potentials applied

to said: conductor-becomes zero, an:instructor’s:

desk, indicators at said instructor’s desk: and at:
crew stations in the device operable by said motor

for-indicating the angle of bank of the:simulated’
flight, and 'means. operated by said: motor- for:
introducing.integration factors into other motor:
control circuit: networks: of "the' device- indica<"
tive of the-anglé of bank.

- 37 Inasdevice for-simulating -the:flight of“an
airplane, a source of current, a:control'’conductor;
rudgder pedals: for simulating the rudder control
of an-airplane; an aileron wheel for simulating::
tHe aileron-control of an-airplane; tandem: con-
nected’ autotransformers for deriving a poten-
tial of ‘one-phase from said source which' varies
with-the-square of the indicated air speed of the
simulated flight,. other tandem connected - auto-
transformers for deriving a potential of the oppo-
site phase from said source which varies with the
square of the indicated air speed of the simu-
lated flight, a potentiometer responsive to the
operation of said rudder pedals for deriving from
said potentials a potential of one or the other
phase and for applying it to said conductor, a
potentiometer responsive to the operation of said
aileron wheel for deriving from said potentials
a potential of one or the other phase and for ap-
plying it to said conductor, a potentiometer for
deriving a potential of one or the opposite phase
from said source commensurate with the rate of
turn of the simulated flight, a potentiometer for
modifying said latter potential in accordance with
the true air speed of the simulated flight and for
applying it to said conductor, a balancing poten-
tiometer for deriving a potential of one or the
opposite phase from said source and for applying
it to said conductor, a motor responsive to any
unbalanced potential condition on said conductor
for adjusting said balancing potentiometer until
the sum of the potentials applied to said conduc-
for becomes zero, an instructor’s desk, indicators
at said instructor’s desk and at crew stations in
the device operable by said motor for indicat-
ing the angle of bank of the simulated flight, and
means operated by said motor for introducing in-
tegration factors to other motor control circuit
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networks of the device indicative of the angle of
bank.

38. In a device of the character set forth in
claim 36, a rheostat at the instructor’s desk for
applying a potential of one or the opposite phase
to said control conductor to simulate either a right
or left wing heavy condition whereby the response
of said motor is affected to cause a change in the
readings of the angle of bank indicators and a
change in the values of the integration factors
introduced into other motor control circuit net-
works of the trainer indicative of the assumed
wing heavy condition.

39. In a device of the character set forth in
claim 36, a potentiometer for deriving a poten-
tial of one or the opposite phase from said source
and for applying it to said control conductor to
simulate either a side slip or a skid condition on a
simulated turn whereby the response of said mo-
tor is affected to cause a change in the readings
of the angle of bank indicators and a change
in the values of the integration factors intro-
duced into other motor control circuit networks
of the device indicative of the effects of an im-
properly executed turn on the banking of the
simulated flight.

40. In a device of the character set forth in
claim 36, means for deriving a varying potential
of one or the opposite phase from said source and
for applying said potential to said control conduc-
tor in simulation of rough air conditions whereby
the response of said motor is affected to cause a
change in the readings of the angle of bank indi-
cators and a change in the values of the inte-
gration factors introduced into the motor control
circuit networks of the device indicative of the
effect of rough air conditions on the banking of
the simulated flight.

41. In a device for simulating the flight of an
airplane, means for simulating the air speed of a
simulated flight, indicators for indicating the rate
of turn and the angle of bank of a simulated
flight, motor control circuits for causing the oper-
ation of said indicators in response to the execu-
tion of a turn in a simulated flight, means oper-
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ative when the air speed of the simulated flight
becomes zero and means effective in response to
the operation of said operative means for ren-
dering said motor control circuits inoperative
whereby said indicators are rendered insensitive.
RICHARD C. DAVIS.
EDWARD J. FOGARTY.
ROBERT O. RIPPERE.
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